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ABSTRACT 		
STEAM (Science, Technology, Engineering, Arts, and Mathematics) is a promising field 
of educational practice that promotes networked conditions. These conditions prepare 
society for learning and adapting to escalating changes, uncertainties, and complexities 
in the 21st century. This research project explores the contribution of art education to 
this field. It considers the inefficiencies of a pillar approach to education, and art 
education’s potential to contribute to STEAM learning models. Interviews with leading 
North American STEAM exponents that relate their experiences, approaches, attitudes, 
and motivations for STEAM education show that art education can play a leading role in 
shaping new pedagogical experiences. Using practice-led research informed by 
pedagogical experience I have garnered from my teaching in this field, this thesis 
proposes a framework for learning and teaching through a STEAM network that can be 
applied for future developments.  
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GLOSSARY 
 
Artist Teacher 
The term artist teacher is used throughout this document to describe my creative 
practice in informal learning environments. Conceptualizations of the term are varied 
and often interchanged with the terms art teacher and teaching artist (Thornton, 2011). 
My own understanding (and use) of the term is informed by my experience as a visual 
art student in the open studio model at the Queensland University of Technology (see 
Chapter Three – Art Education From A Practitioner’s Perspective). This model was 
developed and facilitated by artist teachers, whose pedagogical approaches share 
similarities to the following definitions of the artist teacher:  
 
Being an artist is fundamental to who you are, a way of knowing and being. 
Artist-teachers are not just artists who teach; their artistic thinking process is 
imbedded within various elements of the teaching process. A conceptual 
understanding of the artist-teacher does not discriminate by degree or 
education; it is about applying the artistic stream of thinking within to teaching 
(Daichendt, 2010, p.10). 
 
(An artist teacher is someone) who does not see ‘artist’ and ‘teacher’ as 
mutually exclusive concepts. That is to say, someone who is her/himself a 
learner, an experimenter, someone who wants to find out, test, discover, 
wonder, figure out alongside pupils (Cole as cited in Thornton, 2011, p. 32). 
 
[T]eachers who function artistically in the classroom not only provide children 
with important sources of artistic experiences, they also provide a climate that 
welcomes exploration and risk taking and cultivates the disposition to play. To 
be able to play with ideas is to feel free to throw them into new combinations, to 
experiment, and even to ‘fail’ (Eisner as cited in Hoekstra, 2015, p. 350). 
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Informal Learning Environment  
While an established definition of the phrase remains undetermined in contemporary 
literature, in this thesis, the term informal learning environment is used to describe a 
context that does not organize learning and teaching around formalized or standardized 
assessment. In my professional experience, these environments include Ipswich Art 
Gallery, Creative Industries Precinct, and The Cube. Informal learning environments 
can also include (but are not limited to) domestic sites, online platforms, museums, 
galleries, makerspaces, fabrication labs, the playground, cafes, and libraries. These 
spaces promote individual and social, planned and unprompted learning and teaching 
experiences.  
 
Public Programming  
The term public programming is strongly associated with a gallery and museum lexicon. 
It typically describes a broad range of activities (talks, workshops, events, symposia), 
for different age groups that have been designed to extend the exhibition experience. 
For the purpose of this thesis the term public programming refers to the development of 
a considered and intentionally curated range of activities that take place within an 
informal learning environment.  
 
Transdisciplinary  
Transdisciplinary is understood as ‘the interaction, translation, and synthesis of 
knowledge between and among scientific/technical, creative/cultural, and among 
business/entrepreneurial disciplines, and also between different sub-disciplines within 
each’ (Hearn & Bridgstock, 2010, p. 106). In the process of moving beyond a singular 
disciplinary framework, transdisciplinarity is thought to restructure ‘the culture flow of 
knowledge’ and create new fields of inquiry (Dail, 2013, p. 5). 	  
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PREFACE 
 
A lesson in unlearning 
When learning science and mathematics in my secondary school years, I formed the 
opinion that these subjects were irrelevant and overly formulaic. I tried to understand 
the content taught by gleaning through textbooks – the Internet was still scarce – but 
struggled to envisage how scientific and mathematic formulas related to the world 
beyond the classroom. These subjects only became of greater interest to me when I 
was able to physically engage with scientific concepts through hands-on experiments. I 
soon relegated the resolute and prescribed subjects of science and mathematics in 
favor of the more explorative classes of art and design, which made space for students 
to develop imaginative, diverse and personal responses. As a school student, art 
classes provided an invigorating platform for me to imagine and play, pause and reflect; 
in contrast to the less inspiring didactic and instructive approaches that characterized 
my experience of other subjects. I would later discover that this is a sentiment shared 
by others (Maeda, 2013; Lindeman, Jabot & Berkley, 2013; Land, 2013; Boy, 2013; 
Catchen, 2014; Dito, 2013; Ghanbari, 2014; Henriksen, 2014; Kapadia, 2014; Michaud, 
2014). 
 
I broadened my interests in art and design soon after leaving school. Initially, I studied 
fashion and textile design, and later visual art. In visual art I was exposed to the unique 
pedagogical framework of the open studio model at the Queensland University of 
Technology (QUT). This model was developed and facilitated by artist teachers from 
the Visual Art discipline at QUT1. The benefit of an open studio model is that it 
optimizes creative thinking and making. It also encourages the acquisition of flexible 
attitudes towards learning, and fosters skills in interdisciplinary communication. It 
essentially promotes self-directed and curiosity-driven learning, which are also the 																																																								
1 This included Charles Robb, Mark Webb, and Dr. Daniel Mafe.  
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values espoused in contemporary education that is based on network methods. The 
open studio environment has also informed the way in which I understand and interpret 
my educational engagement with the world. It is from this perspective that I have 
approached my creative practice as an artist teacher at the Creative Industries 
Precinct, Ipswich Art Gallery, and The Cube.  
 
The art education I experienced and now facilitate possesses some extremely valuable 
assets for fostering engaged, flexible and creative learning. Yet, I have come to 
recognize that this remains largely unknown to those outside of this field of practice, or 
is underrated by those who resist acknowledging that art education can make a 
valuable contribution to other educational settings. Some of this resistance is 
predicated on belief in cultural and political stereotypes that can unfortunately impede 
enculturation and participation in a community of practice. Without explicit exposure to 
a community’s tacit methods of seeing and doing, misunderstandings can lead to 
ineffectual collaboration across disciplinary practices, or the exclusion of some subjects 
at the expense of others. As Paola Antonelli (Senior Curator of Architecture & Design, 
Director of R & D, Museum of Modern Art, New York), so eloquently suggests, ‘When 
we can’t envision, we can’t give permission’ (Antonelli as cited in Maeda, 2016). 
 
These insights have become acutely apparent during the period in which I have 
managed educational programs at The Cube, QUT. These programs offer an informal 
learning environment that is designed to provide educational and explorative 
experiences of Science, Technology, Engineering, and Mathematics (STEM). The 
Cube and its STEM agenda have some excellent outcomes, but these could be 
improved by incorporating art education into their programs. A model for this already 
exists overseas, particularly in North America, and it is called STEAM, but at QUT and 
in national debates within Australia, the value of STEAM has been less explored. Not 
surprisingly, I am often asked what value art education has in the context of STEM. My 
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lessons I have learned when teaching in this field informs this research project, and 
provides a small step towards answering this important and complex question.  																																				
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INTRODUCTION 
 	  
 
To diminish one is to diminish the possibility and promise of them all (Burton, 
Horowitz & Abeles, 2000, p. 255).     
Global transformations, new configurations  	
Major global transformations produced at the intersections of environmental, social, 
political, technological and economic fields are recognized as some of the most 
dynamic features of the new millennium (Hajkowicz, 2015). These transformations are 
‘open-ended’ and ‘ambiguous’, ‘multidimensional’ and ‘unstable’ (Klein, 1996). 
Developments in technological sectors, in particular, are advancing at an 
unprecedented rate and are forcing societies to reevaluate ‘how we work, live, and 
learn’ (Price, 2013, p. 21). As these advances propel change, they suggest several 
hypotheses about the pedagogical configurations that must take place to meet the new 
challenges of an increasingly connected world. These are largely to be networked, 
interdisciplinary and transdisciplinary configurations because global transformations 
transcend the skill set of any one discipline and demand ‘complementary bodies of 
knowledge’ (Negroponte, 2003). Networks also stimulate creativity and collaboration, 
critical thinking and risk taking, and encourage experimentation, and the ability to 
exploit unpredictable and unexpected outcomes (Standaert, 2011; Hildreth & Kimble, 
2004; Leadbetter, 2000; Malina, Strohecker & LaFayette, 2015; Siemens, 2006; Hearn 
& Bridgstock, 2010; Barabasi, 2014; Bransford, Brown & Cocking, 1998; Johnson, 
2011; McWilliam, 2008; Sawyer, 2006; Shirky, 2008; Tapscott & Williams, 2006; 
Wooldridge, 2015). These are recognized as the capacities and actions most needed to 
respond to and take advantage of these transformations. 
 
While supporting ways to make the most of these new opportunities is an important 
priority for education, there are concerns that current pedagogical practices in formal 
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education are entrenched in anachronistic pillar-based practices (Standaert, 2011; 
Cutler, 2008; Friedman, 2006; Siemens, 2006; Sternberg, 2010). This approach is 
evident in the organizational structures of universities and schools that are sequestered 
into faculties, disciplinary departments, and subject areas (Wilson, 2010). A pillar 
approach to education within schools also emphasizes standardized assessment but 
this prepares learners for stable and predictable cultures (Binde, 2001; Robinson, 2011; 
Thomas & Seely Brown, 2011). There is a pressing need for these education systems 
to ‘unlearn the beliefs, values, assumptions, and cultures’ that continue to support 
these practices, because the new infrastructures of 21st century global societies 
demand new ways of learning (Dede, 2009, p. 3). The adoption of new processes is 
essential, but represents an enormously complex and challenging undertaking. It is also 
something that will take time to achieve and requires cooperation between formal 
education providers, government and industry sectors. As a first step in this new 
process a better understanding about how certain learning experiences promote 
networked interactions is needed (Gardner, 2013). This can be achieved through the 
development of a ‘shared conceptual framework that draws together’ divergent 
‘concepts, theories, and approaches’ (Rosenfield as cited in Park & Son, 2010, p. 83).  
 
This research proposes that such a framework already exists and can be located in the 
emergent field of STEAM: a networked model for learning and teaching that draws 
together Science, Technology, Engineering, The Arts, and Mathematics. STEAM has 
gained significant momentum in recent years within North American government policy 
making, and has been led by the advocacy and innovations of the Rhode Island School 
of Design (RISD) and other prominent American universities2. Australia however is 
lagging behind and there is a need for this nation to learn from North American 
initiatives so as to understand and develop their own capacities in the STEAM 
innovation movement.  																																																								
2 This includes Massachusetts Institute of Technology (MIT), Harvard University, Brown University, Yale 
University, The New School, Boston University, and Rutgers University. 
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Research Problem  
 
My knowledge of STEAM is primarily bound up in the context of my educational role at 
The Cube, QUT. The approach I have developed has augmented the university’s 
emphasis on STEM to enable the integration of art education principles. The latter have 
been informed by my experience of an open studio model and informal art learning 
environments, and the incorporation of these at The Cube has implemented a shift in 
pedagogical focus from STEM to STEAM3. This has met with some resistance from 
university management because the original mandate for my role was to focus explicitly 
on STEM. STEM education and research is a key priority for QUT in part because 
STEM has assumed a hierarchical advantage in Australian governmental policy on 
education, innovation and industry (QUT Blueprint, 2014; Australian Government, 
2016). Its disciplines are considered to be the most valuable for developing the 
capacities, products and processes that global transformations are necessitating 
(Robinson, 2011). Schools are also being placed under pressure to give precedence to 
STEM subjects, while deeming other subjects (such as art education) as peripheral or 
extra curricula (Robinson, 2011; Wilson, Goldstein & Vincent-Lancrin, 2013; Ewing, 
2010; Eisner, 2002). This emphasis on STEM has also given rise to initiatives that aim 
to increase the engagement of students with STEM educational programs (Chubb, 
2012). The inception of The Cube is one such example. 
 
I focused on STEAM to reestablish art education as a system of knowledge that in 
combination with STEM can be a catalyst for shaping networked concepts of education 
that will best prepare learners for the new global challenges that confront us. Despite 
early resistance from university management for me to do so, the STEAM engagement 
program I initiated at The Cube in 2012 has been very effective as an informal STEAM 
																																																								
3 While I acknowledge that the STEAM acronym is inclusive of The Arts (i.e. dance, music, literature, etc.), 
it remains outside the scope of this research project to examine the contribution of The Arts in its entirety. 
Instead, I have chosen to focus primarily on the contribution of art education within this paradigm, based on 
my experience in this field.    
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learning engagement hub, and has seen consistent growth in attendance numbers4. 
Moreover, as the program has expanded it has attracted interest from curriculum 
writers, government departments, schools, libraries and informal learning sites. It is 
from this position and through these interactions that I have come to recognize the 
value of STEAM, but also the institutional resistance that has inhibited its development 
at times, primarily by schoolteachers within formal education environments. These 
challenges can be understood in relation to three interrelated areas and are supported 
by recent findings in literature, as shown below: 
 
• A misguided conception of art education, which despite the growing interest in 
STEAM, prevent art from securing an equal footing with STEM and fail to 
recognize the value that art education can contribute to 21st century learning 
(Caldwell & Vaughan, 2012). 
• The absence of empirical data sets that demonstrate the superiority of STEAM 
over STEM as a pedagogical method for our new era, and respond to 
uncertainties about how to integrate art with STEM (Harrell & Harrell, 2011). 
This impacts the ability for educators to effectively teach the networked field of 
STEAM. 
• The entrenched compartmentalization of formal education, notably schools, into 
subject or disciplines areas (i.e. ‘pillars’). 
 
Collectively these challenges inform the research question. 
Research Questions and Aims  	
The central question for this research project is: 
 
																																																								
4 Since opening, The Cube’s STEAM programs have attracted over 30,000 participants. This figure does 
not include the estimated annual attendance of visitors to The Cube digital interface (see Chapter Four – 
The Cube).  
 	 23 
Given the demand for new learning and teaching practices, how can art 
education contribute to the development of new pedagogical 
configurations and conditions, through a STEAM framework?  
 
In response to this question, the following research aims guide this project: 
 
Aim 1 – Reveal and identify how art education shapes networked concepts of 
education.   
Aim 2 – Investigate key characteristics of current practices of STEAM learning and 
teaching practices by drawing from empirical knowledge in the field.  
Aim 3 – Develop a conceptual framework for future STEAM learning and teaching 
informed by my own practical work in the field.  
 
These aims are addressed through seven interconnected components (chapters) of the 
thesis (the structure is shown in Figure 1).  
 
Component 
Chapter One: Literature Review 
Chapter Two: Research Design 
Chapter Three: Art Education Through A Practitioner’s Lens 
Chapter Four: The Cube 
Chapter Five: Analysis and Discussion  
Chapter Six: A Framework For Learning & Teaching Through A STEAM Network 
Conclusions 
 
Figure 1: Thesis Structure. 
 
Chapter One – Literature Review  
Chapter One presents the outcome of an extensive literature review. The literature 
review provides a contextual framework through which to situate art education and 
STEAM in a networked model of learning and teaching. It has also been used to 
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develop a better understanding of the current pillar-based pedagogical challenges to 
which STEAM must respond5.  
 
Chapter Two – Research Design  
Chapter Two presents the design of the research, where I identify practice-led research 
as an appropriate method for this project.  
 
Chapter Three – Art Education Through A Practitioner’s Lens  
Chapter Three introduces the tacit experiences of my involvement in art education. This 
discussion is based on my experience in an open studio model, and professional 
practice in informal art learning environments in the Creative Industries Precinct, and 
Ipswich Art Gallery. These experiences have set the principles that inform my approach 
to teaching, and conceptualization of art education within a STEAM paradigm.  
 
Chapter Four – The Cube  
Chapter Four describes the specific environment in which the STEAM programming 
model was developed. It situates The Cube as both the ‘stage’ in which the activity (i.e. 
framework) has been developed and the ‘object’ of this research inquiry (Schon, 2008). 
This section also emphasizes that the early visions of The Cube programming model 
were firmly focused on a STEM discourses, and explains the motivations for 
broadening the focus to STEAM and how this development was realized.  
 
Chapter Five  – Analysis and Discussion  
Chapter Five presents my research findings from interviews with leading North 
American STEAM exponents about their experiences, approaches, attitudes, and 
motivations for being involved with STEAM and / or interdisciplinary education. The 
outcomes of these interviews contribute to early empirical literature on STEAM and 																																																								
5 While there is a great deal of debate about the effectiveness of STEM and its educational discourse, an 
in-depth analysis of such discussion remains beyond the scope of this thesis. 
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show that art education can play a leading role in shaping new pedagogical 
experiences that are based on networked conditions.  
 
Chapter Six – A Framework For Learning and Teaching Through A STEAM 
Network  
Chapter Six presents the main contribution to knowledge in the field by presenting a 
programming framework for learning and teaching via a STEAM network, which is 
based on my own practical experience in the field. This section also outlines the 
parameters of the model within a university context.  
 
Conclusions 
The final section of the thesis will address the opportunities for STEAM and consider 
future research directions. The assessments have been garnered from 1) practical 
experience in the field, 2) through interviews with other STEAM practitioners, and 3) 
informed by my review of literature.  
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CHAPTER ONE 
LITERATURE REVIEW  
 
Pedagogy can be a space for inquiry that reaches across disciplines and 
contexts, and ultimately, for imagining radical social change (Pioneer Works, 
2016). 	
 
This chapter will discuss key areas of the theoretical terrain that I have explored during 
this research project. These areas have helped me to identify and deploy a critical 
framework for STEAM learning and teaching based on networked conditions. This 
terrain is vast. It includes literature about theories of learning, contemporary economics, 
art and STEM education, global megatrends, and governmental policy. It is also vast 
because pedagogical transformation is a necessarily complex set of issues, and one 
that benefits from the involvement of divergent perspectives. I begin this chapter with a 
brief examination of formal education as it stands today, particularly in relation to 
schools, and I then focus on some of the challenges that confront those wishing to 
implement new pedagogical practices within existing educational ‘pillar’ structures. I 
then discuss the influence of new technologies in relation to robotics and the Internet, 
so as to highlight the inadequacies of the pillar paradigm in preparing learners for these 
changes, and how these changes must shape new concepts of education. This section 
concludes with an examination of the espoused benefits of an alternative network 
approach to learning and teaching. 
 
An entrenched pillar approach to education  
The pillar has been a useful metaphor for me to conceptualize the organizational 
constraints of formal education. Although the pillar is used by Nicolas Standaert (2011) 
to describe current approaches to higher education, this metaphor is also applicable to 
considerations about the organizational structuring of schools, because they are 
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modeled after universities (see Figure 2). Indeed, this has led Alan Wilson (2011) to 
proclaim that pedagogical change must be led by universities, which will be considered 
in later chapters. The pillar structure evolved from an earlier stratified (pyramid) 
approach to education, which characterized medieval and renaissance universities. In 
these environments, students acquired knowledge through a sequential process as part 
of the pursuit of an absolute truth. The organizational restructuring of universities from 
pyramids to pillars developed during the Industrial Age (Standaert, 2011). During this 
time the concept of ‘one all-embracing structure’ was transformed into distinct and 
separate disciplines, or subject areas (Standaert, 2011, p. 102). Each pillar was 
concerned with advancing distinct domains of inquiry, and teaching was approached 
through didactic, top-down, one-way instruction (ibid.).  
 
 
 
 
 
 
Figure 2: Three forms of pedagogical practice: pyramid, pillar, and web (or network), from Towards a 
Networked University, by Nicolas Standaert, 2011. 
 
These pillars are vestiges of the past for they represent an outdated opinion that 
knowledge is static and is created within self-contained boxes (Sternberg, 2010). This 
is no longer an amenable means by which to prepare learners for the capacities that 
new global transformations demand. These challenges are ‘knotty’, and seep into, 
across, and around traditional knowledge containers, while enlisting multiple truths from 
divergent perspectives 6 . Learning theorists have long recognized that such 
																																																								
6 Paola Antonelli, Kevin Slavin and Neri Oxman used the term ‘knotty’ in the inaugural 2015 MIT Media Lab 
symposium, Knotty Objects, to describe objects and processes that ‘cut across research fields and defy a 
discipline-specific approach’ (Antonelli, Oxman & Slavin, 2015). 	
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transformations demand new approaches to learning and teaching (Illich, 1971; 
Gardner, 1983; Vygotsky, 1978). And more recent theorists have proposed a number of 
‘21st century frameworks’ that advocate new millennium practices for curricula in 
today’s schools7. However, while these innovators espouse the need to build new 
educational capacities, most formal education systems continue to adhere to the old 
pillar approaches (Trilling & Fadel, 2008; McKenzie, 2015).  
 
Robert Sternberg (2010) contends that this is because there is a lack of empirical 
models from which educators can learn; and without new models of practice, educators 
will remain tethered to outdated pedagogical approaches and disciplinary thinking. In 
2008, a prominent researcher on creative education, Erica McWilliam, offered an 
austere examination of pre-service teacher education. She contended that higher 
education programs were inadequately preparing soon-to-be teachers with the skills 
required to foster creative capacity within their students, and that thinkers needed to 
develop new modes to ameliorate this problem. Almost a decade after McWilliam’s 
analysis, Field Rickards (2016) asserts that we now have access to theoretical and 
empirical knowledge that helps us understand what produces ‘great teaching’. With this 
knowledge in hand universities now have a great opportunity to develop a new 
generation of teachers with the ability to implement new pedagogical approaches. 
However, if the new theoretical and practical training provided to pre-service student 
teachers within higher education is to succeed, schools must be prepared to break 
away from outdated teaching approaches.  
 
Although I am not a schoolteacher, and thus cannot presume to know the intricacies of 
working within the school system in Australia, I have worked closely with many ‘rock 
																																																																																																																																																																				
7 These include, but are not limited to, Framework for 21st Century Learning and enGauge 21st Century 
Skills.  
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star’ pre and in-service teachers over the years8. While collaborating with them I have 
come to recognize that one of the biggest hurdles to implementing change in the 
classroom, is the entrenched governmental emphasis on standardized assessment ‘as 
a key measure of education quality throughout Australia’ (Ward, 2012, p. ii). This 
approach to teaching effectively ‘interrupt(s), stall(s) or negate(s)’ many teachers’ 
abilities to facilitate creative and collaborative learning environments (Ward, 2012, p. 4). 
This is a topic that has generated considerable debate, and it is beyond the scope of 
this thesis to examine it in detail. However, seeking to better understand the effects of 
standardization on student learning and teacher pedagogy is useful for identifying some 
of the inhibitors to pedagogical reform within formal school education.  
 
The effects of standardization 
The term standardization refers to the ‘way assessment is constructed, scheduled, 
implemented and scored’ (Ward, 2012, p. 30). Standardized approaches to assessment 
predominantly focus on the uniform measurement of students’ ‘analytical’ or 
‘conventional’ intelligence (Sternberg, 2010). This includes verbal comprehension, 
reasoning and fluency, and mathematical and numerical skills. These measurements 
largely insist on predetermined right or wrong answers. There is some merit to 
standardization, because it can help teachers identify certain gaps in student 
knowledge, but as Donna Ward (2012) suggests the ‘negative impacts’ of these 
approaches to assessment far outweigh the benefits. 
 
There are many critics of standardization. Some have argued that standardization 
‘cannot be socially and culturally responsive nor can [it] be pedagogically just and fair’ 
(Meadmore, 2001, p. 360) because it promotes a culture of ‘teaching to the test’ 
(Guilfoyle, 2006). Standardized testing also places pressure on teachers to spend time 
preparing students for ‘specific test content’ via traditional teaching practices (i.e. 
																																																								
8 The term pre-service teacher refers to undergraduate student teachers. 
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didactic, instructive, one-way) in an effort to efficiently improve test results (Ward, 
2012). These, in turn, are used to compare, rank, and determine school resourcing 
(ibid.). Standardized assessment also sidelines curriculum that is not being tested 
(Gibson & Ewing, 2011). Susie Garvis and Donna Lee Pendergast (2010) suggest that 
the marginalization of art education, in particular, is likely to be exacerbated in the 
future as high stakes testing (together with an emphasis on STEM) continue to 
influence pre-service teacher training and classroom teaching across Australia. 
 
Concerns have also been raised that an emphasis on results and scores impels 
competition between students while decreasing their engagement with learning 
(Stecher, 2002; Ward, 2012). It also increases student frustration levels when they fall 
below national standards (Ward, 2012). A system that rewards students on the basis of 
how well they can memorize content and facts, rather than how well they can develop 
creative responses that might fall outside of these standards, should no longer be 
considered an amenable practice (Dede, 2009; Barton, 2014; Gibson & Ewing, 2011). 
This is because, ultimately, it offers an unrewarding learning experience, and is also no 
longer necessary because routine responses and facts are what robots and ‘Google do 
best’ (Diamandis & Kotler, 2012, 181).  
 
These insights demand a quest for new approaches to assessment and pedagogy that 
foster learners with those cognitive capacities that ‘remain at least one step ahead of 
even the most sophisticated computers and robots’ (Gardner, 2013, p. 3)9. These 																																																								
9 Robots are becoming ubiquitous. Google the term ‘robots’ and ‘jobs’, and over 57 million results will be 
generated in under 30 seconds. This search also yields results with alarmist overtones; for example, Rise 
of the machines: the future has lots of robots, few jobs for humans (McNeal, 2016), Intelligent Machines: 
The jobs robots will steal first (Wakefield, 2015), Robots replacing 50% of human jobs in next 20 years 
(Smith, 2015), and 10 jobs robots already do better than you (Hill, 2015), are just some of the recent 
headlines forecasting our dystopian future with robots. The dominant message is that robots and smart 
software are being programmed to replicate human abilities at a more efficient rate than their human 
counterparts. These claims are largely substantiated by research, which estimates that within the next 10 - 
30 years between 39 and 47 per cent of routine tasks will be automated (Commitee for Economic 
Development of Australia, 2015). While job losses in some sectors are inevitable, some theorists take a 
more conservative view of these estimations (Finkel, 2015). This suggests that reality is ‘likely to be far 
more nuanced than sensational headlines’ and that automation will not necessarily translate into a massive 
rise in unemployment rates (Walsh, 2016). Instead a broader conceptualization proposes that jobs will be 
increasingly ‘complemented by automation’ (Galliot, 2015).  
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capacities include creativity and collaboration (or ‘social intelligence’10) because they 
are not easily ‘programmed’ (Araya, 2010; Carneiro, 2001; Pink, 2008; Robinson, 2011; 
Committee for Economic Development of Australia, 2015). A well-cited paper by 
researchers at the University of Oxford, which ranked the probability of jobs most at risk 
from automation, corroborates these claims (Frey & Osborne, 2013). It established that 
of the 702 occupations surveyed, those in the arts, science and engineering, teaching 
and social care sectors are least at risk because they require ‘originality, negotiation, 
persuasion, (and) social perceptiveness’ (ibid., 2013, p. 40).  
 
The effects and influence of the Internet on learning and teaching  
Standardization also fails to take into account the vast amounts of knowledge and 
information being generated and distributed online. The Internet affords access to a 
rapidly expanding repository of digital information that is multiplying every couple of 
years (Wooldridge, 2015; Weinberger, 2011; Tapscott & Williams, 2006; Sunstein, 
2006; Kelly, 2010; Siemens, 2006; Firestein, 2013; Gardner, 2013). This means that we 
can easily find answers to most questions, and no longer have to rely on our ability to 
recall and memorize information and facts, which is something that standardized 
assessment continues to promote. Instead, as researchers like Charles Leadbetter 
have proposed, education should focus less on the capacity for learners to ‘collect, 
store, and retrieve information’ and more on the learner’s ability to understand and 
‘make sense of the world using this information’ (2000, p. 10). As Leadbetter (ibid.) 
explains: 
  
A good measure of productivity (today) is how quickly and effectively we can 
turn information into understanding and insight. This is what sets entrepreneurs 
																																																								
10 The term ‘social intelligence’ is used by Frey & Osborne (2013) in their paper The Future of Employment: 
How Susceptible are jobs to computerization?  	
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and artists apart from the rest: their capacity for insight and imagination rather 
than their raw information-processing power. 
 
Howard Gardner (2013, p. 3) shares this conviction and refers to this as the ability of a 
‘synthesizing mind’: 
 
The synthesizing mind takes information from disparate sources, understands 
and evaluates that information objectively, and puts it together in ways that 
make sense to the synthesizer and also to other persons … The ability to knit 
together information from disparate sources into a coherent whole is vital today. 
 
Many researchers and theorists, like Gardner, believe that the ability to synthesize can 
be fostered and heightened within interdisciplinary configurations (Wilson, 2010; 
Negroponte, 2003; McWilliam, 2008; Johnson, 2012; Wilson, 1999; Salen Tekinbas, 
Torres, Wolozin, Rufo-Tepper & Shapiro, 2010). Interdisciplinary work is rapidly 
becoming the foundation of many production innovations in the new millennium, but 
there is limited opportunity for learners to make connections with others across subject 
areas in current formal education (Gardner, 2013). As I have established, an increasing 
number of new organizations are not based on a compartmentalized or individualistic 
model, but rather on hybrid configurations that are predicated on networked interactions 
between diversely skilled people. These interactions span geographic, disciplinary, and 
cultural boundaries, during which people learn about new ideas and make new 
contacts. In other words, in these new structures, knowing is located within a diversity 
of opinions that can be offloaded onto networks. Groups of collaborators, thus, might be 
understood as nodes or sites of navigation.   
 
The Internet has also enhanced these kinds of social connections. Alongside 
developments in robotics, the socializing aspects of the Internet will be a major feature 
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for our culture over the next 10 – 20 years (Kelly, 2010). The Internet facilitates ‘two-
way’ experiences and opportunities for large numbers of dispersed users to peer, 
share, socialize, collaborate, and produce content across networked communities 
(Tapscott & Williams, 2006; Siemens, 2006; Kelly, 2010; Castells, 2009; Seely Brown, 
2000; Lessig, 2001). For example, users are co-producers of platform content in 
Facebook, Wikipedia, YouTube, Github, Yelp, and Twitter. The willingness for online 
audiences to share is also changing how we see knowledge. It is less associated with 
the expertise of one person, and is considered more to be a resource that is brought 
forth through collaboration. In so doing it changes the ‘power relationships behind 
knowledge’ to a democratic playing field, where everyone, regardless of expertise level, 
can share their experience and knowledge (Price, 2013, p. 35). 
 
As online sociability advances, David Price (2013) posits that formal education systems 
are coming under intense pressure to radically overhaul their learning approaches 
because learners are increasingly dissatisfied, and are becoming disengaged from 
formal learning spaces, when measured against online sites. These insights have led 
Kevin Kelly (2010, pp. 316 - 317) to propose: ‘Right now we are using (the Internet) to 
collaboratively build encyclopedias, news agencies, video archives, and software in 
groups that span continents. Can we build bridges, universities, and charter cities the 
same way?’ This type of question has caught the imagination of others who believe that 
a networked culture of learning and teaching based on the socializing, organizing and 
creative principles of the Internet is the way of the future (Price, 2013; Standaert, 2011; 
Siemens, 2006; Barabasi, 2014; Castells, 2009).  
 
A network approach to education 
Standaert (2011) uses the term network as a metaphor to describe a transition away 
from pillar-based configurations in pedagogical practices (see Figure 2). He believes a 
network paradigm can fundamentally transform the way learning and teaching practices 
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are approached in universities and other compartmentalized formal education contexts. 
He (2011, p. 90) explains: 
 
We are quickly moving towards the realization of the ‘networked society’, which 
will tremendously influence the way both secular society and education as a 
whole will be organized in the future. This new reality, which mirrors the 
Internet, is driven by networked, interdisciplinary connections, real and virtual 
meeting points and collaborations, both at a local as well as at an international 
(global) level. The so-called web-model also entails fundamental structural 
changes from a vertical towards a more horizontal approach and away from the 
current linear structures towards multidimensional ones.  
 
George Siemens (2006) also draws upon the organizing principles of the Internet to 
form his theory of connectivism. He claims that we aggregate knowledge differently in a 
network structure because information is no longer being delivered through a top-down, 
‘central filtering agent’ (i.e. teacher) (Siemens, 2006, p. 99). When the network 
displaces a central agent, it changes the organizational flow of knowledge in relation to 
top/down, expert/novice, and teacher/student hierarchies. In the pillar ‘central filter 
model’ the learner is largely expected to absorb ‘pre-digested’ facts, formulas, and 
information, but Siemens argues that students assisted by facilitative teachers learn to 
become creative thinkers. McWilliam also identified this manner of teaching, but 
referred to it as the ‘meddler-in-the-middle’ approach (2008, p. 88). This is achieved 
when the facilitator (or ‘meddler’) works alongside students to explore new ideas and 
open-ended questions, and encourages students to inquire, investigate and develop 
concepts, as well as synthesize information from different subject areas. In this 
environment, the facilitator also acknowledges the limitations of their own knowledge, 
and thus willingly enters into the process of learning with their students. 
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Price (2013) suggests that network-based pedagogical approaches facilitate the 
‘opening up’ of knowledge enclosures (i.e. disciplines) through the development of a 
‘borderless learning commons’. Such a commons incites a culture of collaboration, 
reciprocity, and participation, and is a site where problem seeking and solving occurs 
between a ‘diversity of thinkers’ (Price, 2013). According to Price, principles such as 
‘The expertise is in the crowd’ and ‘Learners follow non-sequential routes according to 
interests’ differentiate the interactions that occur within these online spaces, which he 
classifies as informal, as opposed to formal, learning environments (see Table 1)11. 
These ‘borderless’ structures still contain disciplines, but become interconnected, as 
learners are encouraged to focus on ‘cross-cutting themes’ through project-based 
learning (Delacote in Binde, 2001, p. 208). This strategy is already being employed in 
various STEAM initiatives, and will be discussed in more detail in Chapter Five – 
Analysis and Findings.  
 
Learning in formal environments Learning in informal environments 
Formal – When, where, how and with whom is 
pre-determined 
Informal – We learn when, where, with whom 
and how we please 
Individual – We demonstrate our 
understanding and skills alone 
Social – We study and demonstrate our 
understanding in groups 
Linear – Learners follow a sequential program 
according to the ‘curriculum’ 
Non-linear – Learners follow non-sequential 
routes according to interests 
Just in case – Knowledge acquisition precedes 
actions 
Just in time – Knowledge is gained as the task 
demands 
Tutor-to-student – One expert, few learners Networked – The expertise is in the crowd 
Transmissive – Teacher transmits (usually 
through lectures), students receive 
Experiential – Meaning is made and shared by 
experience 
 
Table 1: Comparative principles of formal and informal learning environments, from Open: How We’ll Work, 
Live and Learn in the Future, by David Price, 2013. 
 
 																																																								
11 Price classifies schools and universities as formal learning environments; he also identifies that informal 
learning occurs within physical environments such as Makerspaces and Fabrication Labs (2013, p. 35).  
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Going forward with a network approach to education 
Some researchers have questioned the validity of the network hypothesis because it is 
not supported by sufficient empirical evidence (Kop & Hill, 2008; Dunaway, 2011). This 
includes an absence of exemplars that might demonstrate how these principles can be 
implemented in practical terms. Thus, in the absence of the operating network 
structures in new education systems, further empirical research needs to be deployed 
to help identify how people go about creating and maintaining optimal learning 
networks (Hearn & Bridgstock, 2010). There are a number of options that can be 
followed when attempting to resolve the problem of practically implementing networked 
learning models. I contend that the most promising of these is STEAM, which optimizes 
interdisciplinary collaborations amongst learners and teachers.  
 
To effectuate new transitions in learning, some researchers suggest that we need to 
prepare them to remain open to interactions with other fields. We must also be willing to 
collaborate and be open to the displacement and uncertainty that comes with these 
conditions. Siemens asserts that fostering these conditions requires a ‘tolerance for 
ambiguity and uncertainty’ that must be built into the infrastructure of learning (2006, p. 
28). In this scenario, risk-taking, experimentation, trial-and-error, flexibility, and rule 
bending become integral elements in the fabric of learning. Ronald Barnett shares this 
conviction, proposing that a ‘pedagogy for an unknown future becomes a pedagogy 
with the unknown built into it’ (2012, p. 76). These capacities have not been widely 
encouraged in mainstream education systems, because learning is largely organized 
through predictable learning challenges (McWilliam, 2008). Maintaining	 support for 
critical thinking that invites students (together with their teachers) to reflect upon and 
evaluate their own learning processes is also required (Eccles & Wigfield, 2002). By 
supporting these capacities, Gardner proposes that ‘a person will be well equipped to 
deal with what is expected, as well as what cannot be anticipated’ (2013, p. 2).	These 
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are capacities that I believe can be fostered through art education, which add 
considerable value to STEAM.		
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CHAPTER TWO  
RESEARCH DESIGN  
 
As artists and art teachers, we live our lives by processing the world by any 
means we can … We act on the theories and ideas we glean from the 
information and communication systems that shape our worlds and make sense 
of it for ourselves (Sullivan, 2014, p. 284).  	
I am an artist teacher whose creative practice is informed by the interplay of many 
influences. I make no distinction between my practice as an artist and my approach to 
teaching. They are one of the same, and have encouraged me towards questioning and 
proposing, imagining and synthesizing, and reflecting upon my interaction with these 
influences, both individually and in social situations. This is the lens through which I 
view the world, and the research methods and aims of this thesis reflect these 
perspectives. This section outlines practice-led research, supported by reflexivity, as 
the most appropriate method for developing the overall research design of this 
project13.  
 
Practice-led research  
Practice-led research is gaining credibility as a useful methodology in the creative 
research sector (Dean & Smith, 2009). It is conceptualized as a distinct ‘process of 
inquiry’ (Sullivan, 2009, p.51), which is useful for creative practitioners, and recognizes 
both the creative work (i.e. research output) and the development of creative work as 
fundamental components of the research process (Haseman & Mafe, 2009; Smith & 
Dean, 2009). In so doing, practice-led research takes into account ‘all the activity an 
artist/creative practitioner undertakes’ throughout this process (Haseman & Mafe, 2009, 																																																								
13 Reflexivity is defined by Moffatt (2014, p. 50) as a ‘process of making informed actions based on 
reflective thought’.		
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p. 214). In the case of this research project, the three domains of ‘activity’ that I have 
engaged in have included: (1) my creative practice as a STEAM practitioner at The 
Cube, (2) an extensive literature review, and (3) interviews with other practitioners from 
leading American STEAM exponents (see Figure 3).  
 
 
 
 
 
 
 
 
Figure 3: The three domains of ‘activity’ this research project engages. 
 
Creative practice 
My creative practice as a STEAM practitioner has been informed by a number of 
experiences. These include learning about artistic practice via an open studio 
pedagogical model at QUT as a student, and my professional experience as a teacher 
facilitating art education programs at the Creative Industries Precinct and Ipswich Art 
Gallery. As Kim Etherington (2004, p. 37) proposes, ‘the judicious use of our selves in 
research needs to be essential to the argument, not just a ‘decorative flourish’. 
Consequently, drawing on my learning and teaching experiences has informed the 
central strategic and methodological approach to this research inquiry. 
 
Literature review 
A complementary strategy for this research project has involved identifying and 
deploying ‘critical contexts’ (Haseman and Mafe, 2009, p. 216). In relation to this 
matter, Brad Haseman and Daniel Mafe (ibid.) have explained: 
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[B]efore a critical meaning or significance for a practice-led research project can 
be identified, a range of pertinent critical contexts must be clearly named and 
claimed. It is only when the practical is located within critical contexts that 
findings can begin to be established. 
 
The foundation for this has been prepared in part by an extensive literature review. 
Initially I sought to locate practical knowledge about how STEAM was being 
implemented by practitioners in the field. However, after searching through many 
sources, I soon realized that this would not be possible because there is a dearth of 
empirical research on this emergent field of practice. (This finding, in turn, informed the 
research problem.) Subsequently I shifted my research focus to identify why the 
espoused values of STEAM were important attributes in contemporary education. This 
invited a broader consideration of the global influences affecting education, and in turn, 
afforded a useful framing device for me to situate STEAM.  
 
Interviews 
Interviews with a range of creative STEAM practitioners have also added important 
information to this project and their experiences have often correlated with my own 
research findings. The review criteria for the interviews were derived from three key 
components of the STEAM engagement program at The Cube. This criteria includes 
(see Table 2): 
 
• [Audience] Engagement with school students, university students, and/or 
educators; through, 
• [Content] STEAM and / or interdisciplinary art/science learning engagement 
programs; in, 
• [Context] Informal or formal learning environment. 
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Table 2: Review criteria for research interviews. 
 
Staff in six innovative centers in the United States that have invested in STEAM 
learning and teaching were identified and interviewed. These centers were Eyebeam, 
New York; NuVu Studio, Boston; Le Laboratoire, Boston; Blue School, New York; 
Exploratorium, San Francisco; and the Cooper Hewitt Smithsonian Design Museum 
(CHSDM), New York. The interviews were conducted using a series of semi-structured 
questions during onsite visits undertaken in November and December 2015. A semi-
structured approach was adopted in order to accommodate some ‘flexibility’ in the 
interview process, and allowed me to remain responsive to the ‘experiences, opinions, 
attitudes, values, and processes’ of each interviewee (Rowley, 2012, p. 262). 
 
Additionally, it is important to note that while the interviews focus on USA-based 
organizations, STEAM and interdisciplinary interactions are not location specific. 
Indeed, initial and ongoing research into the field suggests that these practices are now 
globally widespread. While this is acknowledged, it was beyond the scope of this 
research project to interview practitioners in STEAM locations, (both situated within 
and) outside of the USA. The USA was chosen as the preferred country because it 
originated the STEAM concept, and is a global leader in this field (see Chapter Five – 
Analysis and Findings).   
 
Moreover as a creative practitioner in an emergent field of this practice in Australia it is 
not uncommon to experience a sense of isolation. These interviews have therefore also 
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helped me establish a sense of affiliation with a global ‘collective voice’, which I hope 
will expand these ideas and show the value of art education within a STEAM paradigm 
for Australia’s national requirements (Etherington, 2004, p. 11). 	
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CHAPTER THREE 
ART EDUCATION THROUGH A PRACTITIONER’S LENS 
 
Let us consider art from the position of the producer, who does not ask what it 
looks like or where it comes from, but why it exists in the first place (Groys, 
2010).  
 
My understanding of art education is informed by my experience as a visual art student 
(2006 – 2008) in the open studio model at QUT. This experience has shaped my 
approach to teaching in informal learning environments, and the role of the artist 
teacher in these spaces15. These spaces promote opportunities for non-linear and 
open-ended creative and collaborative learning, and heuristic problem solving 
(Keuchel, 2015; van Heusden, 2015; Gielen, 2015). They encourage learners to 
integrate divergent points of views, to develop social skills and empathy for other 
perspectives, and to acquire the ability to exercise critical thinking (Gibson & Anderson, 
2008; Gibson & Ewing, 2011; National Endowment for the Arts, 2002; Barton, 2014; 
Siemens, 2006; McWilliam, 2008; Leadbetter, 2000; Eisner, 2002; Winner, Golstein & 
Vincent-Lancrin, 2013; Sullivan, 2014; Hickman, 2003; Caldwell & Vaughan, 2012). It is 
these capacities that also enable artists to engage in and intersect with discipline 
boundaries beyond their own (Wilson, 2010; Schnapp & Shanks, 2009; Ede, 2005).  
 
Indeed, the role of the artist in contemporary society is rapidly evolving, and 
practitioners are more likely to be working over a range of creative disciplines, and 
often in collaboration with other cultural professionals to produce creative outcomes. In 
the past four decades, globalization has fed not only the expansion of various cultural 
sectors, but has also led to the emergence of hybrid art, science, and technology 
research/cultural labs and studios. Hybrid spaces such as ARS Electronica (Linz, 																																																								
15 See Glossary for a definition on informal learning environments.  
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Austria), SymbioticA (Perth, Australia), Arts@CERN (Geneva, Switzerland), Creative 
Robotics Lab (Sydney, Australia), and the Waag Society (Amsterdam, Netherlands), 
are engaging artists in interdisciplinary teams to advance new (transdisciplinary) 
knowledge, whereby artists are critical members of a ‘distributed intelligence 
framework’ (Kawasaki & Toyofuku, 2013). Artists are engaged in these spaces as 
critical individual and collective researchers who often advance provocative questions 
and challenge established cultural, social, technological, and political orders. It is in this 
expanded creative space that Nestor Garcia Canclini (2014) describes as art’s ‘place of 
imminence’ in today’s creative cultures:	
 
Art gains its attraction in part from the fact that it proclaims something that 
could happen, promising meaning or modifying meaning through 
insinuations. It makes no unbreakable commitment to hard facts. It leaves 
what it says hanging (Garcia Canclini, 2014, p. xiii).  
 
These are the values that my experience in an open studio model was built upon and I 
believe can have important industry applications. Indeed, research suggests that art 
practitioners are being increasingly employed by corporations to facilitate ‘arts-based 
learning’, in which art education ‘(is) used to teach skills that have broad and 
immediate applicability for workers in any industry and sector, including for-profit, 
nonprofit, and public, and at any point on the organization chart’ (Seifter, 2012, p. 11). 
This demonstrates that art-based learning is emerging as a useful tool for corporations 
that are today seeking to meet new millennium demands.  
 
The following discussions elaborate on these insights by drawing from my experience 
as an undergraduate student and professional in art education contexts. In so doing, I 
intend to reveal the learning and teaching conditions promoted in these contexts, 
which I contend are similar to those espoused in networked pedagogical 
 	 45 
configurations. These conditions have also informed my development of the resultant 
STEAM framework (see Chapter Six – A Framework For Learning and Teaching 
Through A STEAM Network.) 
 
Art education in an open studio model 
The open studio model reflects the principles of contemporary art practice and the 
pedagogical approaches that conceptual artists Michael Asher, Josef Albers, and 
Anthony Caro pioneered in their studio teaching practices in the 1950s and 1960s (Dr. 
C. Pedersen, personal communication, November 11, 2015). My learning in the open 
studio was process-driven and collaborative. It did not focus on building manual 
expertise in separate disciplines, such as painting and sculpture. Its emphasis was 
instead on post-medium artistic expression, and interdisciplinary experimentation 
(Robb, 2009; Mafe & Robb, 2014). This environment allowed me to explore a diverse 
range of materials and conceptual themes that were of interest to me personally, and I 
explored everything from light to artificiality, psychoanalysis to domesticity. The open 
studio was physically arranged into a ‘continuous network of studio spaces’, rather than 
‘discipline-based studio clusters’ (Robb, 2009). This meant that my peers and I were 
informed by new ideas and approaches to making art that challenged our presumptions 
and encouraged us to develop a creative reach that went beyond familiar bounds with a 
‘full spectrum of interests above and beyond conventional art processes and forms’ 
(Mafe & Robb, 2014, p. 9). By moving beyond a medium and discipline specific 
framework, and supporting a networked approach to art making, the open studio 
enabled a dynamic community of creative practice to emerge. 
 
The open studio therefore produced a unique type of interaction between students and 
teachers, which was distinct not only from conventional arts education models, but also 
traditional approaches to education. The artist teacher approaches their teaching much 
like a contemporary artist approaches their practice: they questioned, experimented, 
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discovered, and remained open to the possibility of learning alongside their students. In 
so doing, the artist teacher facilitated a ‘horizontal approach to teaching in which 
student and teacher are frequently in a collaborative exchange of ideas and 
understandings’ (Mafe & Robb, 2014, p. 5). These dialogical exchanges were 
underpinned by a culture of constant inquiry and progress assessment, which would 
take place between students and teachers, especially via open studio group critiques 
(see Figure 4). The point of these interactions was not to evaluate a work in terms of its 
formal aesthetic qualities, or medium expertise; but rather, to ‘think through art’ (Gielen, 
2015, p. 149). That is, to hypothesize, reveal and explore ideas, and seek connections 
across a range of disciplines and viewpoints. Indeed, the artworks primarily served as 
catalysts for collaboration, reflection, and inquiry.  
 
 
Figure 4: Open studio group critique, at QUT, facilitated by artist teacher, Mark Webb, 2008. 
Installation, Black Starry Night, by Jacina Leong; image courtesy of Myriam Raymond. 
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These interactions presented some of the most challenging aspects of open studio 
learning, for it demanded that both student and teacher engage with a broader 
framework of reference that went beyond the medium of art. It also fostered the 
development of a self-directed and curious learner who became comfortable managing 
uncertain creative endeavors, and who was motivated to take risks and disrupt the 
rules. The open studio model, with its emphasis on openness and ambiguity, reflection 
and inquiry, experimentation and collaboration, proved to be very influential on me, not 
only during my formative years as a visual art student, but also in my professional 
practice when teaching within informal learning environments at the Creative Industries 
Precinct, Ipswich Art Gallery, and The Cube.  
 
Art education beyond the white walls    
In the final year of my visual art undergraduate degree, I began an internship (2008 – 
2009) at the Creative Industries Precinct and the accompanying display space, The 
Block16. The Block was envisioned as a digitally enabled, black-walled space that 
transcended the exhibition approach of most white-walled galleries so as to facilitate 
hybrid and innovative creative outcomes (Thomas, 2015). My internship took place 
under the direction of Senior Curator, Lubi Thomas. Thomas spoke about how her own 
experience as an art student had informed her approach to curating, especially under 
the guidance of Roy Ascott, who proposed that his students ‘Stop thinking about art 
works as objects, and start thinking about them as triggers for experiences’ (Ascott as 
cited in Thomas, 2015, p. 1)17. This logic informed one of the key principles that 
Thomas implemented in her programming model at The Block, and determined the 
vision of STEAM programming at The Cube (see Chapter Four – The Cube). Instead of 
a traditional gallery programming approach, which involved a continuous exhibition 
program supported by conventional public programs (artist talks, curator tours, and the 
																																																								
16 The Block opened in 2000 and is located at the QUT Kelvin Grove campus.  
17 Ascott taught Thomas while teaching at the University of Wales, Newport, South Wales, in the early 
1990s. 
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like), Thomas established a ‘site-responsive, engagement centric networked’ approach 
to program delivery (Thomas, 2015, p. 47). As Thomas explained,  
 
By taking this idea of the art object as the trigger and expanding upon that, 
making the trigger an exhibition (or event), then sequentially expanding from the 
one to the many events – a program of triggers that becomes a part of a 
network of triggers. A network of triggers that when fully expanded upon is, in 
fact, the whole programming model: a model that delivers these triggers through 
a multi-modal approach across an expanded period of time (Thomas, 2015, p. 
61).  
 
In her doctorate, Thomas explained the intricate and complex nature of this network 
approach by illustrating the 2010 – 2013 CIP program (see Figure 5). The illustration 
shows how exhibitions and events became interconnected triggers for experiences that 
evolved over time, and were informed by community consultation and responses to the 
interests and activities of local contexts. My approach to programming, which is similar 
to this model, will be discussed in more detail in Chapter Six – A Framework For 
Learning and Teaching Through A STEAM Network.  
 
I coordinated two major projects during my internship: the International Digital Art 
Projects (IDAP) exhibition program, and the Game On public program stream. The 
lessons gleaned while developing the Game On program proved to be most influential 
in my training as an intern, especially in relation to developing ‘communities of interests 
and ideas’ (Thomas, 2015, p. 47). While I was unfamiliar with the gaming industry and 
its culture, I quickly learned that an integral part of Thomas’ strategy when 
programming in unfamiliar territory was to tap into, what she referred to as, a ‘brains 
bank’. For the Game On program, this included some of Australia’s leading production 
studios, design studios, academics and leaders in gaming media, as well as the 
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International Game Developers Association (IGDA). The ‘brains bank’ not only helped 
to shape the program by suggesting discussion topics and speakers, but also advised 
on industry trends and developments. Each person in the ‘brains bank’ also became a 
gateway to a broader network of communities and ideas for the program to connect and 
this approach shared remarkable similarities with the interactions I had with my peers in 
the environment of the networked open studio.  
 
Figure 5: Visual representation of the networked programming model at CIP by Lubi Thomas, 
2013. Image courtesy of Lubi Thomas. 
 
It was during my work with this site-responsive and networked programming model that 
I developed an abiding interest in public programming. This experience also reinforced 
my understanding (developed in the open studio) that the domain of contemporary art 
had promising interdisciplinary applications, as it was open to multifarious practices and 
discourses. I further developed this interest in my role at the Ipswich Art Gallery where I 
exercised my professional practice as an artist teacher.  
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Art education in a children’s gallery   
While I had worked with a public programming model during my internship, the 
community I engaged with at The Block was largely composed of university students 
and emerging creative industry professionals. My placement (2009 – 2011) at Ipswich 
Art Gallery however offered new and exciting challenges. It was one of the most 
attended regional galleries in Australia, with nearly 100,000 visitors per year (Ipswich 
Art Gallery, 2016), including K – 12 school students and educators, families and local 
artists, and special-interest groups. The Ipswich Art Gallery therefore provided a 
dynamic training ground for this recently graduated art student and newly appointed 
Public Programs Officer. The gallery’s Children’s Gallery, in particular, became the site 
of some of my most instructive learning experiences in public programming when 
engaging with children and young people. 
 
Ipswich’s Children’s Gallery is the first dedicated children’s gallery in Australia, and was 
informed by the child focused philosophical principles of Dewey (1938), Vygotsky 
(1978), Gardner (1982) and Malaguzzi (1994) (Piscitelli & Penfold, 2015). Principles 
such as ‘Learning begins with creative play’, and ‘Children explore the environment 
using all of their senses’ were used to structure the design of exhibitions and public 
program activities that took place in the Children’s Gallery (see Table 3). Exhibitions 
such as The Real Thing (2010), Construction Site (2009), Scale Free Network (2010), 
and I Wish I Lived in Wonderland (2009) were developed so that children could 
physically interact with art by handling, walking through, and even treading upon it18. In 
this space, the restrictive yet pervasive mantra, ‘We look with our eyes, and keep our 
hands by our sides’, was replaced by activities that enabled children to become 
producers and participants, and to experience the art gallery as an action-based 
environment. Public programs enhanced children’s interactions with these exhibitions, 
																																																								
18 Scale Free Network was a residency project facilitated by an art/science collaborative by the same 
name; it involved Melbourne-based artist, Briony Barr, and microbial ecologist, Gregory Crocetti.  
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through hands-on workshops that emphasized the value of the imagination, exploration, 
experimentation, and collaboration.  
 
In this environment my role was to facilitate creative learning experiences for an 
extensive age range (0 – 16 years). While some activities were designed to support 
large-scale drop-in visitations, other small-scale programs offered explorative sessions 
for babies, toddlers and their families. Some necessitated a more structured, 
‘scaffolded’ approach to facilitation, which was the case for scheduled school 
workshops for class-sized groups. I was a newly appointed Public Programs Officer, 
with no prior teaching experience, so when planning for these workshops I learned 
teaching and pedagogical scaffolding through experience and close observation of my 
peers and supervisor19. While I did not recognize this at the time, the same processes 
that I used to facilitate workshops in the Children’s Gallery were comparable to those I 
had experienced with student/teacher interactions in the open studio learning model20. 
 
The programs in the Children’s Gallery were intended to enable a series of cyclical, 
non-linear creative processes. The first moments were critical for setting the tone of the 
workshop. Dialogical exchange and a mixture of open and closed questions 
characterized the start of each workshop with school students, which typically occurred 
at the entrance of the Gallery. A typical range of questions included: How is everyone 
today? Has anyone visited the Gallery before? What did you see? What did you enjoy 
about the exhibition? Do you know what we’re going to be doing at the Gallery today? 
The aim of these interactions was to establish an open line of communication and to 
inform students that their experience would be collaborative and interactive, instead of 
passive and didactic.  
 																																																								
19 Scaffolding was a term used by managerial staff at the Ipswich Art Gallery and adopted from Lev 
Vygotsky’s Zone of Proximal Development (ZPD) theory.  
20  Mark Webb has also drawn from Vygotsky’s ZPD theory to inform the pedagogical approaches 
implemented in the open studio at QUT (Webb, 2014).  
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Their introduction to the Children’s Gallery, which was located on the second level of 
the Gallery, was always self-directed. As Michael Beckmann, Director of the Ipswich Art 
Gallery, (2001) explains:  
 
Unless directed by an adult, children will rarely move through an exhibition 
space in a linear order, preferring instead to proceed immediately to whatever 
appeals to them most. This compels the exhibition to be installed in a series of 
pods or stations, through which children can navigate a flexible course 
according to their own criteria.  
 
Philosophical principles of the Ipswich Art Gallery’s Children’s Gallery 
• Learning begins with creative play 
• Creativity builds self-esteem, a necessary ingredient for success 
• The spontaneous creativity within each child should be celebrated 
• Children learn more in the company of adults they trust i.e. their parents, grandparents, 
relatives, guardians, friends and teachers 
• Children explore the environment using all of their senses i.e. hands-on activities 
provide opportunities to explore and learn 
• Every child deserves access to a safe, stimulating and enjoyable learning environment 
• Children’s exhibitions are curated for children – not for adults 
• To understand and appreciate other cultures is to build community harmony  
• Children are important members of our community who should be encouraged to 
express and develop their ideas and views i.e. children should be seen and heard 
 
Table 3: Philosophical principles of the Ipswich Art Gallery’s Children’s Gallery. 
 
Accordingly, visiting students would scurry to different areas of the space, and summon 
their peers to share in their discoveries. After this initial exploration, students would re-
group and would be directed to more dialogical exchange. This encouraged them to 
share their experiences before participating in additional hands-on activities related to 
the exhibition. A balanced combination of discussion-based and hands-on activities 
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characterized each workshop during which students could freely explore and reflect, 
question and create, experiment and collaborate. 
 
My facilitation of these workshops soon became carefully orchestrated performances. 
They ebbed and flowed according to the dynamics of each group, and no amount of 
rehearsals could guarantee (or warranted) a predetermined outcome. Remaining 
responsive and adaptive to the nuances of group dynamics, individual learning and 
behavioral difficulties, was a fundamental and challenging part of the process. At its 
core, my role was to facilitate a positive and inclusive experience for the individual and 
collective to help them to learn and think through art.  
 
After leaving the Ipswich Art Gallery, and working for a brief period of time in a 
commercial inner-city art gallery (2011 – 2012), an opportunity emerged to work in a 
newly established role at The Cube. This would be the site of my learning in STEAM.    
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CHAPTER FOUR  
THE CUBE  
 
The purpose of The Cube is to showcase science, technology and engineering 
(STEM) to the general public. It also offers outreach to schools and public 
programming. At its core, The Cube’s is to act as a public creative presentation 
and engagement space (Professor Peter Coaldrake, 2012).  
 
Since its inception in 2013, The Cube has supported an average of 40,000 visitors per 
year. Its location in the Science and Engineering Centre dominates two levels of the 
open foyer area, and is bordered by collaborative learning and teaching rooms, study 
spaces, and open lounge areas. The Cube was conceived and built as part of a 
university’s response to the growing importance of Science, Technology, Engineering, 
and Mathematics (STEM), and constituted an initiative in the university’s developing 
STEM policy. It is part of a major investment by QUT to reposition itself ‘as a leading-
edge provider and key contributor to the national agenda on STEM’ (QUT, 2012, p. 20). 
The university has also developed a new faculty (Science and Engineering Faculty), a 
Science and Engineering Centre, and a new research institute (Institute for Future 
Environments)21. The advent of an annual Vice-Chancellor STEM Camp, STEM for 
Schools Engagement Program, and the appointment of a STEM Teacher-in-Residence, 
have also been implemented to strengthen the University’s position as a ‘key 
contributor’ to STEM education22.  
 
 
 
																																																								
21 The Institute for Future Environments is an interdisciplinary research group based within the Science and 
Engineering Centre.  
22  Both the STEM for Schools and STEM Teacher-in-Residence sit within the QUT Marketing and 
Communications’ portfolio.  
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Figure 6: The Cube, QUT. Image courtesy of QUT Precincts. 
 
The Cube as a digital interface 
As a digital interface, The Cube is recognized as ‘one of the world’s largest interactive 
learning and engagement spaces’ (Rittenbruch, Sorensen, Donovan, Polson, Docherty, 
& Jones, 2013, p. 1) (see Figures 6 and 7). It was designed to platform QUT’s teaching 
and research proficiencies in the STEM disciplines. It achieves this via an ongoing 
program of digital projects that facilitate opportunities for key audiences (high school 
students, university students, QUT researchers, general audiences) to explore STEM 
areas through collaborative, game-like interactions. The digital project, Robot 
University, for instance, encourages users to interact with three anthropomorphized 
robots. Through these interactions the robot characters prompt users to consider 
contemporary biases towards robots, as well as the social impacts of advanced 
technologies23 . Other digital projects include the Virtual Reef, Dino Zoo, Physics 
																																																								
23 Robot University was developed by writer, designer, and director, Christy Dena, through The Cube’s first 
Cube Production Residency, a partnership program with the Australia Council for the Arts Literary Board.	
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Playroom, Physics Observatory, Nomencluster, Cryptext24, Soul of the Cube25, Plasma 
Wall, The Arcade, The Cube Globe, Chem World, Long Time No See, iCO2, Data Wall, 
and ECOS. Chancellery and the STEM Teacher-in-Residence largely vet concept 
development for the digital projects to ensure that they are suitable for key audiences, 
and are aligned with QUT STEM research and areas of the Australian Curriculum.  
 
 
Figure 7: Visitor interacting with the Physics Observatory. Image courtesy of QUT Precincts. 
 
The Cube as an engagement hub 
As part of the inception and delivery of The Cube, Senior Curator, Lubi Thomas, was 
appointed to oversee its development as a STEM engagement space. Thomas’ vision 
for the space was largely informed by her experience as Senior Curator of CIP, where 
she had implemented a ‘site-responsive’ and ‘networked’ approach to program delivery. 
Similarly, Thomas wanted The Cube (as a digital interface) to become the inspiration 
																																																								
24 Nomencluster and Cryptext were developed by net and electronic literature artist, Jason Nelson, through 
the Cube Production Residency program. 
25 Soul of The Cube was developed by ARS Electronica Futurelab, in collaboration with The Cube, the 
ePrints Team (QUT Library), and ViserR (Institute for Future Environments, QUT).  
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for a whole series of public and school programs that triggered the exploration of the 
‘big questions’ of the 21st century. In August 2012, six months before the official 
opening of The Cube, Thomas invited me to co-develop and implement this vision with 
her26. As I have established, the mandate for my role was to shape and develop this 
vision by implementing interactive ways to engage secondary school students, 
university students, and the broader public within a STEM framework. In other words, I 
was required to implement a compelling STEM learning experience through innovative, 
multi-modal, networked programs.  
 
The first years   
During the first years (2013 – 14) of programming, I took inspiration from the CIP 
programming model, and developed public program streams (i.e. series of talks) that 
were connected to student courses within the Science and Engineering Faculty (SEF). 
Like the CIP Game On model, these streams revolved around central themes (robotics, 
coding), and were developed in collaboration with academics from the SEF, as well as 
industry professionals, who effectively became a ‘brains bank’ for a new series of public 
program streams at The Cube. These streams included Talking Robots, Cube Bytes, 
and Halfbrick Cubed27 (see Figure 8). They were intended to be site-responsive to the 
interests of the local context, but struggled to gain traction, and the public only 
expressed a passing interest in these events. In these first years, as the program was 
being refined, The Cube also hosted a number of industry professional and student 
group meet-ups and large-scale events. These activities helped to raise the profile of 
The Cube, by connecting it with more established STEM-focused initiatives. However, 
The Cube was effectively a receptacle for meetings rather than offering the 
collaborative and networked programming model Thomas and I had envisioned for the 
space.  
																																																								
26 I started my role at The Cube in 2012; The Cube was officially opened at the start of 2013. 
27 Halfbrick Cubed was a collaborative program between The Cube and Halfbrick Studios.  
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Figure 8: Public program stream, Halfbrick Cubed, 2013. Image courtesy of QUT Precincts. 
 
A more promising activity was the LEGO Education Learning Program (2013 – 2015), 
which was the first of its kind to be hosted by an Australian university28. The LEGO 
Education program used LEGO NXT and EV3 robotics kits to engage school students 
(Grades 8 – 10) with authentic robotic and mechanical engineering practices, as well as 
hands-on STEM workshops. These included Green City Challenge, Simple and 
Powered Machines, and Robots in Space29 (see Figure 9). These LEGO Education 
activities had a significant influence on the subsequent development of the STEAM 
programming model. This was for two reasons. Firstly, an integral aspect of the LEGO 
Education program provided professional development experiences for pre-service 
student teachers (from the QUT Faculty of Education). These teachers in turn became 
the primary facilitators, and thus key drivers, of the LEGO workshops. The involvement 
of pre-service teachers as co-facilitators, and ultimately co-producers of The Cube’s 
learning engagement programs, was subsequently used as the basis for the later 
																																																								
28  The LEGO Education Learning Program was a three-year partnership that Thomas had brokered with 
LEGO Education, with the assistance of the QUT Faculty of Education, prior to my appointment.  
29 LEGO Education and Australian distributor, Moore Educational, were responsible for developing these 
programs. 
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STEAM programming framework, and will be discussed in more detail in Chapter Six – 
A Framework For Learning and Teaching Through A STEAM Network.  
 
Secondly, I recognized that the robotics kits could be used for other purposes beyond 
their intended use in the LEGO workshops. These kits were developed by the MIT 
Media Lab Lifelong Kindergarten (LLK) group to promote a process of tinkering 
‘characterized by a playful, experimental, iterative style of engagement, in which 
makers are continually reassessing their goals, exploring new paths, and imagining 
new possibilities’ (Resnick & Rosenbaum, 2013, p. 164). While not supported in most 
pillar-based approaches to education systems, tinkering is an approach that is 
especially beneficial for new economic configurations that demand ‘creativity and agility 
over efficiency and optimization’ (ibid., p. 166). Although the LLK group does not focus 
explicitly on art education, the ‘tinkering’ described by the group’s Director, Mitchel 
Resnick, and the pedagogical conditions that promote these processes coincide with 
my own learning and teaching experience in an open studio model and Children’s 
Gallery. These conditions include: ‘Emphasize process over product’, ‘Encourage 
engagement with people, not just materials’, ‘Pose questions instead of giving answers’ 
(ibid., pp. 179 - 180).   
 
These approaches prompted me to start thinking about how contemporary artists are 
‘tinkering’ with digital technologies, and how this method might inform a new direction in 
my programming framework. My research as an employee at The Cube showed that 
artists were using technology to explore a broad range of concepts that provided 
interfaces between art and science: from expressing new forms of human-machine 
interactions, to hinting at the social impacts of artificial intelligence, to using code to 
create an eye-tracking system called Eyewriter that allows ALS patients to draw with 
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their eyes31. Fundamentally, what these artists were doing was ‘enlivening the debate 
around the creative process, even while it is inevitably erasing some of the convenient, 
simplifying distinctions we have long made between art and science, artists and 
scientists, and the exclusive roles and objectives of each’ (Edwards, 2011, p. 21). As I 
stated earlier, many of these artists were also entering into a ‘place of imminence’. As I 
explored possible learning programs for The Cube these types of practices proved to 
be influential on how I situated digital technologies within a STEAM programming 
framework. This is because it became evident to me that technologies like LEGO 
robotics were ideal catalysts for creativity, collaboration, and concept making, 
strategies that were also pursued by the North American STEAM interviewees.  
 
 
Figure 9: Teachers engaging in a LEGO Education Learning Program, Robots in Space, 2015. 
Image courtesy of QUT Precincts; photograph by Kate O’Sullivan. 
 
 																																																								
31 The Eyewriter was developed by members of Free Art and Technology, OpenFrameworks, the Graffiti 
Research Lab, and The Ebeling Group, together with LA graffiti writer, publisher, activist and ALS patient, 
TEMPTONE.			
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The emergence of STEAM at The Cube  
The STEAM vision became the most relevant to the style of learning I wanted to 
implement at The Cube32. I instigated a series of ‘peripheral’ activities there, which 
were not identified as core (i.e. STEM) business at the time of my appointment. These 
activities were deployed for school holiday programs, and targeted a lower age range 
(8 – 12) than the intended audience (12+). There were also partnership programs with 
the Art & Design Department of the Kelvin Grove State College, which included Jump 
Start and 100 Futures33.  
 
Notably the school holiday programs became an important pilot for a different type of 
programming framework, where I began to shift the STEM emphasis towards a STEAM 
orientation. Programs such as CubeKids, a series of holiday workshops held in 2013 
and 2014, connected children with creative practitioners whose practices covered both 
art and STEM. Of equal significance was a focus on the use of new technology in these 
workshops. For example, Heidi Millington, a Brisbane-based sound artist and ecological 
engineer, developed a workshop for children using MaKey MaKey, a relatively new 
technological toolkit at the time. MaKey MaKey is an invention kit, developed by the 
LLK group, which turns conductive materials (everything from bananas to Play-Doh, the 
human body to conductive fabric) into interactive touchpads. Like the LEGO robotic 
kits, MaKey MaKey is designed for users to tinker with, and are guided by three core 
principles: ‘immediate feedback, fluid experimentation, and open exploration’ (Resnick 
& Rosenbaum, 2013, p. 174). In this scenario, MaKey MaKey became a catalyst in 
Millington’s workshop for enabling children to explore concepts and interests familiar to 
her own field of practice (for example, conductivity, ‘pressure-sensitive interfaces’, and 
																																																								
32 This direction was initiated and strongly supported by Lubi Thomas, who remained my supervisor from 
2012 until 2014.  
33 jumpstART is an excellence program initiated by the College for Grade 7 students. It focuses on local 
and global community challenges. My involvement was to connect participating students to the concepts of 
STEM through an art-focused program, using MaKey MaKey. 100 Futures is another initiative of the 
College, but for Grade 8 students; my involvement in this program was based on a similar basis to 
jumpstART, however used littleBits.  
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‘natural and industrial soundscapes’), which they used to produce diverse outcomes 
(Millington, 2016). 
 
Figure 10: Workshop participant’s visual mapping of their interactive plant, from Monica Rikic’s 
workshop, 2014. Image courtesy of QUT Precincts. 
 
Interactive artist and computer programmer, Monica Rikic, developed a workshop using 
Arduino. Arduino is an open-source electronics platform based on easy-to-use 
hardware and software. The Arduino board (hardware) is able to read inputs and 
convert them into outputs. Users can program their board to create interactive projects 
by ‘sending a set of instructions to the microcontroller on the board’ using the Arduino 
programming (software) language (Arduino, 2016). In this scenario, Rikic’s workshop 
enabled participants to create ‘musical gardens’, where programs were used to build 
basic circuits that transformed plants into interactive soundscapes. During the 
workshop, Rikic encouraged participants to think about the types of interactions and 
sounds they wanted their users to experience and hear (see Figure 10). They also 
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explored concepts familiar to Rikic’s own practice, for example, physical computing and 
the activation of space through playful engagement34.  
 
While these workshops drew from Millington and Rikic’s multifarious STEAM 
experiences and practices, it was apparent that this workshop approach to program 
delivery presented some difficulties. Firstly, it was not always easy to find local 
practitioners and experts whose practices combined art with STEM. Secondly, in the 
event that practitioners who met these criteria were identified, they didn’t necessarily 
make the best facilitators. Bransford, Brown & Cocking (1998, p. 32) suggest that this is 
because experts sometimes find it difficult to recognise ‘what is easy and what is 
difficult for students’ to understand, and it can be challenging to translate tacit 
knowledge into explicit knowledge. This is something that I have observed throughout 
my professional practice when engaging with participants and workshop facilitators. A 
more efficacious approach is to pair experts with novices ‘whose area of expertise lies 
elsewhere’ (ibid.). This arrangement often promotes a more collaborative network of 
practitioners. 
 
A model based on this idea was implemented in the holiday workshop, Robo-Mation. 
This workshop was a collaborative project between Lubi Thomas and a LEGO 
Education Learning Program (pre-service teacher) facilitator, Keith Capps. Thomas 
wanted to use the LEGO robots to create short animations, but was unfamiliar with the 
technical capabilities of the robots. Capps on the other hand had a strong knowledge 
base on which to develop a workshop using this technology. The result was a workshop 
that allowed participants to learn how to program a robot, create a storyboard, and 
make short animations using the application, EduMotion (see Figure 11). Thomas and 
Capps were therefore able to use collaboration to envision and implement a workshop 
that tapped into their respective strengths and expertise.   																																																								
34 Monica Rikic engaged in a nine-week residency at The Cube, in 2014, as part of the Move On: European 
Media Artists in Residence Exchange.  
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Figure 11: Screenshots taken from animation created by workshop participant in Robo-Mation, 
2014. Image courtesy of QUT Precincts. 
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Unlike the public program streams, the holiday workshops proved to be extremely 
popular, and were booked out in a short time. This demonstrated an increasing interest 
in hands-on, interactive and collaborative experiences. The term STEM was still used 
to describe these activities, as there was a managerial reluctance to embrace the 
STEAM concept. Rather than broaden the scope of STEM, as RISD had done in 2010, 
QUT management did not want to adopt the alternative vision that the STEAM acronym 
represented. Despite the disinclination of the university to support this initiative, these 
collaborations began to attract the attention of educators and curriculum writers, who 
were interested in learning more about this programming framework. This increasing 
demand for knowledge about STEAM led to the inaugural Creative Lab: 21st Century 
Learning (STEM to STEAM) professional development program, which was held across 
The Cube and Queensland Museum in May 201535. Creative Lab provided a platform to 
engage with a broader network of educators who could participate with a STEAM 
creative learning framework. It also positioned The Cube as a leader and key 
contributor to STEAM education in Australia.  
 
 
 
 
 
 
 
 
 
 																																																								
35 Creative Lab is an initiative of the Queensland Museum, developed in 2015, in partnership with The 
Cube and State Library of Queensland.  
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CHAPTER FIVE 
ANALYSIS AND FINDINGS 
 
When artists and scientists come together, cheeks get rosier, voices go up a 
few notches, eyes sparkle. They are eager to learn from each other … it is time 
for this millennial truth to become a pillar of our educational system (Antonelli as 
cited in Edwards, 2010). 
 
The arts and science were once part of a holistic education. However, in time, the 
development of pillar approaches to education separated these complementary bodies 
of knowledge. The divide between these disciplines reached new heights in the mid 
20th century, as during this time advances in science meant that this field was culturally 
and politically positioned as the only ‘real’ discipline that could offer ‘substantial 
knowledge’ (Shaffer, 1998). Not everyone however believed that this was a useful 
development. Scientist and novelist, C.P. Snow, in his 1959 University of Cambridge 
Rede Lecture, lamented the loss of a common culture between the arts and sciences 
with the development of what he referred to as ‘Two Cultures’. Snow warned that the 
separation of these disciplines would impede the ability to cultivate innovative solutions 
to emerging problems. George Levine revisited this proposal in 1987. He stated that it 
was vital to invest in educational initiatives that shared a ‘cultural discourse’, and in 
which the beneficial functions of both the arts and sciences were acknowledged and 
put into practice (Shaffer, 1998). A decade later, Edward O. Wilson (1998) proposed 
the term ‘consilience’ to describe a process of synthesis between these cultures, which 
he positioned as one of the greatest priorities and challenges for contemporary 
education. Despite these propositions, most formal education systems continue to 
provide the same pillar approaches to education, to the mutual disadvantage of science 
and art.  
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STEAM offers an extremely promising new direction for learning and teaching. As 
networked conditions become more prominent in professional life, STEAM provides a 
framework through which to reconnect learners with the disciplinary lenses of art and 
science. John Maeda is credited with inventing this term when he initiated the STEM to 
STEAM movement during his Presidency (2007–2013) of the Rhode Island School of 
Design (RISD) (Somerson & Hermano, 2013). At the time, Maeda believed that the 
STEM approach was dominating government policy on innovation and education in the 
United States. The aim of his movement was to position the arts as equally viable and 
valuable contributors to economic innovation, and to encourage the education, industry, 
and government sectors to work together to realize this within a well-conceived 
education policy. In December 2015, the movement achieved its objective, when the 
US Senate approved the Every Student Succeeds Act. This effectively incorporated the 
arts into STEM in government policy making. The movement has since expanded, with 
a number of universities, schools and cultural institutions across the United States that 
now support STEAM and art/science focused initiatives. 
 
The following analysis identifies some of the key themes and findings in STEAM 
educational approaches that emerged from my discussions with practitioners in 
selected North American-based organizations. North America remains at the forefront 
of STEAM work, and my project is in part based on research interviews with individuals 
from the leading exponents of STEAM: Eyebeam, NuVu Studio, Exploratorium, Le 
Laboratoire, Blue School, and the Cooper Hewitt Smithsonian Design Museum. As my 
analysis will demonstrate, art education, in combination with STEM, are shaping a new 
paradigm of education based on a network approach, and have provided a critical 
context through which to situate the STEAM programming framework at The Cube (see 
Appendix 1 for details on interview participants and interview questions). 
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Art education as a vehicle for risk taking and bending the rules  
While risk taking is prioritized in new economic configurations, it is not typical for 
mainstream (pillar-based) education systems to organize learning through ‘risky 
learning challenges’ (McWilliam, 2008, p. 68). At a time when megatrends necessitate 
that we become comfortable taking risks, be open to networked collaborations, and 
work in ways beyond replication, it stands to reason that art theorist Elliot Eisner (2002, 
p. 35) could suggest,  
 
The presence of a program that fosters flexibility, promotes a tolerance for 
ambiguity, encourages risk taking, and depends upon the exercise of judgment 
outside the sphere of rules is an especially valuable resource. 
 
Eisner was referring to the potential of art education in schools, for he believes that 
certain approaches to learning in art serves as a valuable model for broader 
educational directions. In his essay, Learning in Disproportion, Pascal Gielen (2015) 
supports Eisner’s proposition by situating art education as an ‘open space’ that permits 
the bending of the rules imposed by a pillar-based education system. Gielen affirms 
that the open space approach to art education facilitates opportunities for students to 
learn ‘how to stretch … the rules or measure of play’ by putting ‘the rules themselves at 
stake’ (2015, p. 149). It is proposed that only by learning to play with the rules (as 
opposed to by the rules), will a school be able to prepare students for a future of 
constant change (ibid.).   
 
The pedagogical approaches proposed by Gielen and Eisner have been implemented 
at Eyebeam, Le Laboratoire, NuVu Studio, and Blue School. In these environments, 
individual projects are complemented by group collaborations, which include a network 
of learners (students, educators, coaches, mentors and industry professionals). In 
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these scenarios, taking risks with others eases the pressure that might result from 
having to develop something (or tread new ground) independently. The freedom to take 
risks in these environments is supported by an emphasis on process over content, and 
a willingness to embrace failure and divergent outcomes.  
 
These attitudes are integral to the pedagogical experience at NuVu Studio. NuVu 
Studio is an innovation school for middle and high school students, and is based in 
Cambridge, Massachusetts. Founder Saeed Arida has explained that the school’s 
‘iterative development process’ is a core element of a student’s experience (2011, p. 
61). The iterative development process is adapted from Arida’s experience of an 
architectural studio model, which is similar to the open studio model. At NuVu, students 
develop and build on their ideas through hands-on prototyping, as well as documenting 
and reflecting on the processes implemented throughout a project’s development. 
Panels of external ‘judges’ evaluate students’ projects and take into account the 
process and decisions students have made (Arida, 2011). NuVu Studio employs such 
processes to repeal the standard approach to assessment by helping ‘students reflect 
on their work’ and to think critically about how to adopt innovative approaches to 
projects (ibid.).  
 
NuVu Studio’s use of student documentation and reflection to evaluate student learning 
is also common in open studio art education. In the open studio model the rationale (or 
exegesis) is assessed as part of a student’s end of semester folio submission, and is 
considered to be a significant part of the student’s creative practice (Robb, 2009). The 
rationale is a textual analysis that exposes the ‘relationship that a student has with his 
or her work, the motivations that inform the work and demonstrates his or her capacity 
to “read” the work above and beyond those initial intentions’ (Robb, 2009, p. 3). It also 
provides a platform for the student to critically reflect upon and analyze the tacit 
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processes involved in the process of making. In effect, the rationale reflects Barbara 
Bolt’s observation that the role of the exegesis is not only to describe or contextualize 
practice, but also to stimulate ‘movement in thought itself’ (Bolt as cited in Robb, 2009, 
p. 6).  
 
In relation to learning outcomes these organizations are not afraid of failure. On the 
contrary, the risk of failure is embraced as a pre-condition for innovation and creativity 
in the process of ‘trying something new, something unconventional, something weird’ 
(Sullivan, 2014). This is not an outcome that one readily finds in traditional educational 
systems that rely on risk-averse conditions. In organizations such as the NuVu Studio, 
Le Laboratoire and Blue School, making mistakes is as much a part of the process as 
finding a solution to a problem. In these environments, students are encouraged to take 
independent and collaborative risks, and to learn from their mistakes through processes 
of iteration and reflection. The emphasis on divergent outcomes is also espoused. By 
allowing ‘more than one answer’, the potential pressures that can emerge from the 
need for students to conform to one right answer in traditional education systems is 
eased.  
 
Another action that emerges is a willingness to push boundaries, or bend the rules 
through the manipulation and exploration of concepts and materials. This is particularly 
evident in the learning environments at NuVu Studio, Eyebeam, and Blue School. At 
these sites, everything from code to hardware, cardboard and paper, is there for 
learners to manipulate, to throw materials on their ‘back’ (what they are conventionally 
meant to do, how they might be used differently), and use materials that students 
believe best represent or communicate an idea. These experimental actions on 
materials are central to an open studio approach, which also understands that the 
‘handlability’ of materials can act as a form of tangible ‘concept making’ that develops 
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‘theoretical knowledge’ (Mafe & Robb, 2014; Robb, 2009). In other words, making is 
leveraged as an effective tool for learners to ‘actively construct personally meaningful 
artifacts while sharing and working with others in a community’ (Roque, 2012, p. 23). 
These actions are also associated with the important process of tinkering, which is 
discussed in Chapter Four – The Cube.  
 
Art as a vehicle for self-directed learning  
The process of embracing risk, failure, and rule bending, promotes the development of 
a self-directed learner. Students at NuVu Studio, Eyebeam, Blue School, and Le 
Laboratoire, are encouraged to think for themselves, and to become active producers 
rather than passive consumers of knowledge. The emphasis on self-directed and open-
ended learning can initially be overwhelming, so enlisting the support of a facilitator, or 
to borrow terminology from McWilliam (2008), a ‘meddler’, who can recognise when to 
step in and provide a student with support and guidance, is an important undertaking. 
 
Co-facilitation as a process of modeling interdisciplinary collaboration 
Using a ‘mentor’ or ‘coach’ is a common approach to facilitation in the programmatic 
models of Le Laboratoire and NuVu Studio. For example, Le Laboratoire refers to its 
educators as ‘mentors’, who help with idea development. They also model the practice 
of interdisciplinary collaboration by facilitating programs in pairs. Andrea Sachdeva, 
Director of International Education, at Le Laboratoire (A. Sachdeva, personal 
communication, December 3, 2015) explains that in the recruitment and induction 
phases, a ‘big effort’ is made to ensure that mentors not only come from different 
disciplinary practices (across art and science), but also that their ‘educational 
philosophies’, ‘personalities’, and ‘ways of working and exploring’ align with the 
principles of Le Laboratoire.  
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NuVu Studio is similar to Le Laboratoire, in that educators (who are referred to as 
‘coaches’) come from diverse disciplinary practices and work collaboratively to facilitate 
studio projects. As Arida (S. Arida, personal communication, December 4, 2015) 
explains, its formula for recruiting coaches seeks to ensure a balanced mix between 
leaders who are situated as the ‘drivers of process’ (i.e. artists and designers who are 
familiar with the processes of a studio model), and others who are situated as ‘domain 
experts’ with ‘technical expertise’ (for example, engineers, scientists, technologists, 
etc.). NuVu works closely with all coaches to ensure that they are familiar and 
comfortable with exemplifying the core values (‘ambiguity’, ‘process’ and ‘critique 
culture’) of its studio environment, before they work with students.  
 
Fundamentally, Le Laboratoire and NuVu Studio are implementing pedagogical 
teaching models that promote ‘an interdisciplinary way of looking at the world’ (A. 
Sachdeva, personal communication, December 3, 2015). In so doing, learners become 
immersed in a process of ‘seeing and doing’ of encountering how practitioners 
negotiate and respond to a challenge, individually and collectively (Arida, 2011). They 
achieve this by becoming involved in ways of thinking and doing that characterize 
different disciplinary lenses. The fluid nature of this process also means that 
conventional boundaries between disciplines start to dissolve, as both student and 
facilitator are implicated in a process that is fundamentally transdisciplinary. The 
synthesis of disciplinary lenses within these contexts is evidence of a project-based (or 
thematic) approach to learning that supplants a silo or pillar approach.  
 
Synthesis of disciplinary lenses through project-based learning  
Project-based learning is evident in the programmatic models of Blue School, Le 
Laboratoire, and NuVu Studio. These sites favor learners who engage in in-depth 
investigations and responses to complex, real-world challenges over a period of time. 
Rather than convincing students that learning and professional practice occurs within 
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‘discrete boxes’, as a pillar system enforces, project-based learning directs students to 
work across the curriculum (Sternberg, year, p. 160). This type of work can only 
succeed through cooperative support and input from multiple discipline-based teachers 
(Worsley & Blikstein, 2013; Shaw, 2009; Roque, 2012). Project-based learning is 
characteristic of Seymour Papert’s theory of constructionism, which advocates that 
learning should not be predicated on ‘a simple matter of information transmission’ 
(Resnick, 2002, p. 33). Instead, learning is conceived of as ‘an active process in which 
people construct new understandings of the world around them through active 
exploration, experimentation, discussion, and reflection’ (ibid.).  
 
The Blue School STEAM-centric approaches involve project-based learning based 
around annual themes, which vary according to year level. This approach is considered 
a core attribute of the Blue School (whose advisors include pioneering STEAM 
champion, John Maeda, and international advisor on arts education, Ken Robinson). 
Accordingly, the STEAM program facilitated by Rob Gilson, the STEAM Specialist at 
Blue School, ‘orbits around those themes’ (R. Gilson, personal communication, 
December 17, 2015). In his STEAM program students are encouraged to independently 
identify what they ‘know and don’t know’, and to draw upon their knowledge of other 
subject areas, before responding to the project. They are also instructed to work with 
their peers in asking how they might approach a project, thus tapping into a broader 
network of learning experiences (ibid.).  
 
Le Laboratoire adopts a similar approach to Blue School. Projects are based around 
annual themes, which are informed by ‘cutting edge scientific’ developments such as 
Machine Life, Energy of the Future, Virtual Worlds, and Synthetic Biology (A. 
Sachdeva, personal communication, December 3, 2015). As Sachdeva (ibid.) explains, 
the themes selected must ‘still have a lot of unanswered questions’ in order to engage 
learners with a discourse that is rich with possibilities. Learners work in small groups 
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with Le Laboratoire’s mentors over a long period of time, so as to be able to develop 
divergent responses to an emergent field of inquiry. Mentors commence this process 
with ‘seed ideas’ – asking open-ended and ‘provocative questions’ – not only to engage 
learners early on in a process of idea development, but also to help them identify what 
they’re ‘excited and passionate’ about. Learners then enter into a process of 
collaborative brainstorming to develop approaches around those seed ideas, and seek 
input and feedback from experts in the field (as well as their mentors) before 
prototyping and presenting their projects to a broader audience (for example, teachers 
and industry professionals).  
 
The approach to project-based learning at NuVu Studio is also based around themes 
for students to investigate over of an 11-week term. Students in small groups undertake 
2-week long intensive studio sessions with coaches, and explore themes that revolve 
around ‘contemporary and relevant’ discourses that ‘transcend disciplinary boundaries’ 
(NuVu Studio, 2016). Within each session, students identify an issue or point of 
inspiration in a particular theme, frame the problem, and then engage in an iterative 
process that moves towards a solution. The goal of this approach is to provide students 
with a platform to ‘explore multiple creative ideas, learn about diverse fields, develop a 
particular project or idea in-depth over a sequence of studios, and have a rich and 
diverse portfolio or projects’ (ibid.). At the end of term students present a public 
exhibition to showcase their projects.  
 
Technology as a catalyst for synthesis 
Another finding that emerges from these programmatic STEAM models is the use of 
technology as a catalyst for synthesis. It is not surprising given their focus on new and 
emerging technologies that this is particularly evident at Eyebeam. Founded in 1997, 
Eyebeam is a nonprofit studio that ‘was conceived as the very first critical space of its 
kind, for thinking creatively about how technology was transforming the world’ 
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(Eyebeam, 2016). Today, Eyebeam facilitates opportunities for resident artists to 
engage in collaborative experiments, research, production and education with new and 
emerging technologies.  
 
At Eyebeam, programs such as Playable Fashion, Rap Research Lab, and Our Net, 
are informed by research outcomes (or themes) that emerge from residency projects. 
Technology is approached as a ‘material form of “concept” making’ while learners 
explore a range of topics (Mafe & Robb, 2014, p. 6). Erica Kermani, Director of 
Community Engagement, at Eyebeam (E.Kermani, personal communication, December 
8, 2015) explains that disciplinary fields in STEAM underpin the topics. For example, 
the program Playable Fashion explores the intersections of fashion, gaming, and 
technology, and draws on the fields of art, design, computer science and engineering 
using wearable technology like the Lilypad Arduino. The program, Rap Research Lab, 
focuses on data visualization, cultural data and analysis through the lens of science, art 
and design, and employs technological software tools. Another program, Our Net, uses 
engineering, art and design principles to teach about Internet infrastructures and 
alternative networks. Eyebeam’s approach to technology also speaks to the need to 
shift the focus in education from digital literacy to digital fluency amongst learners. This 
will be discussed in further detail in relation to The Cube (see Chapter Six – A 
Framework For Learning and Teaching Through A STEAM Network).  
 
The hub as part of a broader learning network  
The conception of the hub (classroom, studio, lab, or museum) as a node within a 
broader learning network is in evidence across each of the programming models that 
have been researched. In these contexts, both learners and professionals engage in a 
process of network forming, which emerges out of a necessity to draw on 
interdisciplinary expertise to respond to a gap in knowledge. The professionals 
interviewed spoke about an organizational approach based on co-facilitation and co-
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development learning engagement programs, and these leveraged the expertise of 
diverse groups to inform the learning and teaching process. Learners are also 
encouraged to (actively and with some guidance) seek resources outside of these hubs 
to strengthen multifarious perspectives.   
 
Professionals within these organizations are expected to perform roles as connectors. 
Connections occur when collaborating with others, convening expertise, and identifying 
individuals whose expertise might be of benefit to others in a professional network. In 
other words, the connector enters into a process of linking the dots in pursuit of creating 
an expansive network. Caroline Payson, Director of Educator, Cooper Hewitt Design 
Museum, likens this to the process of a museum or gallery curator (C. Payson, 
personal communication, December 11, 2015). In this way, the networks that 
individuals and collectives form also act as a kind of radar, and facilitate the process of 
being kept informed about emergent trends, practices, or concepts.  
 
Fundamentally, when forming and entering into these networks individuals relinquish 
their professional identity as experts in a field, preferring instead to assume the role of a 
learner who cannot and does not know everything. At the same time, they broaden their 
knowledge by sharing the expertise and experience of others. 
 
The role of informal learning environments as a catalyst for change  
A core objective of Eyebeam, The Exploratorium, Cooper Hewitt Smithsonian Design 
Museum, and Le Laboratoire is to invest in pedagogical change – to present 
opportunities to rethink the role of formal education, to play with the rules imposed by 
outdated systems, to model interdisciplinary approaches to learning and teaching, and 
to emerge as educational innovators. This objective is achieved in part through the 
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provision of professional development programs for teachers37. While these programs 
are well attended and sought-after, it is also clear that attending teachers still struggle 
to implement interdisciplinary pedagogical approaches and initiatives within their 
schools38. Interviewees suggest that they occur within some classrooms, and in some 
schools, but not across entire educational systems. Andrea Sachdeva acknowledges 
that places such as Le Laboratoire have the freedom to propose and implement 
pedagogical change because of their position as an informal learning environment; that 
is, they are not constrained by the same ‘curriculum standards’ that schoolteachers 
must organize their teaching around. Sachdeva suggests that some formal education 
systems in Boston have navigated these constraints by implementing STEAM as 
‘elective coursework’ within their schools. While she does not object to this approach, 
Sachdeva does advise that informal learning environments cannot ‘give up on that 
desire to figure out how to make this type of work part of the core curriculum and not 
something that is seen as extra’ (A. Sachdeva, personal communication, December 3, 
2015). Erica Kermani (Eyebeam) advanced this proposal by suggesting that 
universities were also in a position to provide leadership in this space (E. Kermani, 
personal communication, December 8, 2015). (The potential role of universities and 
informal learning environments in advancing STEAM will be discussed in Conclusions.) 
 
 
 
  
 
 
 
																																																								
37 These programs are developed together with teachers to ensure that the programs implemented have a 
practical relevance for classroom teaching. The Cooper Hewitt also requires that teachers relay skills 
acquired through these programs to their colleagues at school, so as to distribute and circulate this 
amongst other teaching professionals. 
38 These interviews were conducted in the same month that the aforementioned Every Student Succeeds 
Act was passed in the United States, in favor of STEAM education.  
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CHAPTER SIX  
A FRAMEWORK FOR LEARNING AND TEACHING THROUGH A 
STEAM NETWORK 
 
The STEAM program at The Cube is an innovative education program with its 
pedagogy rooted in art education. STEAM is a space in which disciplines converge. It is 
a space of invention, possibilities and imminence. STEAM proposes that the process of 
learning is of equal importance to the outcomes of learning, with value placed on how 
learners synthesize, identify and respond to problems, and communicate their ideas. In 
this sense, STEAM is understood as an engine that is a catalyst for the progress of 
transdisciplinarity. It is an invaluable framework that prompts and fosters collaboration, 
critical and creative thinking, and through which learners develop an understanding of 
the relationship between the represented disciplines and their own distinctive literacies. 
The STEAM learning environment that I have established resonates with Mark Webb’s 
description of the open studio model; it is a ‘site of constant becoming, a process 
emphasizing movement and unpredictability rather than stasis and certainty’ for both 
facilitator and student (Webb, 2014, p. 5). 
 
I have formulated a site-responsive programming framework that has been uniquely 
shaped by my influences as an art student, artist teacher, and the university context in 
which it has been delivered. I believe that the framework is useful for any practitioner 
who seeks to develop and implement STEAM programs. It does not advocate a one-
size-fits-all template; but is rather a propositional framework for how practical learning 
and teaching can be approached through a STEAM network. Moreover, as we have 
seen today, few artists are concerned with maintaining a self-referential discourse, and 
so it follows that the development of this framework has also opened other frames of 
reference. These include my interactions with program collaborators and audiences. 
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Collectively, these references have shaped my philosophy and STEAM framework, and 
conceptualization of art education within this paradigm. 
 
Three key streams 
The STEAM programming framework at The Cube is an annual program that is 
implemented through three key streams. These streams include: 
 
1. School programs (for grades 5 – 9), 
2. Public programs (for ages 5 – 14), and 
3. Professional development programs (for educators).  
 
As I established in Chapter Four, the key (target) audiences for The Cube are high 
school students (Grades 7 – 12), university students, QUT researchers, and general 
audiences. However, I have focused the STEAM school programs for a Grades 5 – 9 
demographic. This has been decided because another key stakeholder in the STEM 
outreach space at QUT is already servicing the groups first mentioned. I have also 
responded to increasing requests from middle school teachers to engage their students 
in STEAM workshops. These programs are developed in consultation with collaborators 
(i.e. our brains bank) and implemented by STEAM facilitators. They are guided by our 
six STEAM phases and designed with the ‘low floor’, ‘high ceiling’, and ‘wide wall’ 
values in mind (Papert, 1980; Resnick & Silverman, 2005). That is, they accommodate 
learners with beginner skill levels (‘low floor’), learners with previous experience who 
are eager to advance their knowledge (‘high ceilings’), as well as diverse project 
outcomes (‘wide walls’). I will first discuss the parameters and purpose of the three key 
streams before examining the STEAM phases, collaborators and facilitators.  
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School programs 
There are six school workshops that are currently available for teachers to enroll their 
students into. They are free for schools to attend39. Each workshop is based on an 
overarching theme and includes, Towards an Age-Friendly City (littleBits), Driving into 
the future (LEGO robotics), From farm to table (LEGO robotics), Making art with code 
(Processing), Stitch and code (Lilypad Arduino), and Smart Cars (littleBits Arduino). A 
workshop runs from 9.30am – 2pm every Tuesday during school terms and 
accommodates up to 32 students. Programs have strong curriculum interconnections to 
ensure a practical relevance for teachers, and are accompanied by post-workshop 
activities to support further classroom learning. Teachers are encouraged to actively 
participate in the workshop alongside their students. The workshops take place on 
campus within a learning space located within the Science and Engineering Centre, 
dedicated to school outreach programs and shared with the university-funded STEM for 
Schools workshop program40. 
 
Public programs 
The term public program in this research project is used to describe out-of-school 
programs for ages 5 – 14. These programs accommodate small group configurations 
(typically between 8 to 16 participants), are user-paid, and engage young learners with 
digital technologies as catalysts for creativity and collaboration. Public programs 
generally occur during the school holidays, weekends, and after school. Like the school 
workshops, these programs are designed with ‘low floor’, ‘high ceiling’, and ‘wide wall’ 
principles in mind. In workshops for younger children (under 8), parents and guardians 
are also encouraged to work with their children in order to support their learning. This 
philosophy was rooted in the child-centered programs that were run at the Children’s 
Gallery (Ipswich Art Gallery). Principles such as ‘Children learn more in the company of 																																																								
39 These costs are absorbed through external sponsorship.  
40 The decision to offer school programs once a week is informed by the shared nature of the workshop 
venue; the challenges associated with the lack of a permanent space in which to deliver our STEAM 
workshops will be discussed in Conclusions.  
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adults they trust i.e. their parents, grandparents, relatives, guardians, friends and 
teachers’ (see Table 3), guided activities and exhibitions in this space. While adults are 
not discouraged from attending workshops for older groups (8+), I have observed that 
older learners demonstrate a reluctance to engage in an activity in the company of a 
large group of adults, or are over reliant on a parent or guardian to ‘do’ the activity for 
them. In these instances, parents are encouraged to return at the end of a workshop, 
when participants can share what they have created with them.   
 
Unlike the school programs, these workshops are delivered across multiple venues, 
both on and off campus. This is due to a lack of permanent and available space in 
which to deliver these programs. While sometimes these workshops take place within 
the Science and Engineering Centre, is has also become necessary to find alternative 
spaces such as, The Block and QUT Art Museum. The limitation of space also 
prompted a successful two-year partnership with Brisbane City Council Library Services 
and the facilitation of 60+ STEAM holiday workshops across 30 Council libraries for 8 – 
12 year olds (see Appendix 2). 
 
Professional development programs 
STEAM is also implemented as a professional development program, and is designed 
to connect educators with STEAM learning and teaching approaches. These programs 
are user paid and occur on campus, but have also taken place off-site and online via 
webinars (see Conclusions). Most are modeled on our school programs in order to both 
situate educators in the position of the learner and reveal the processes characteristic 
of our STEAM framework. Others are designed to connect educators with our program 
collaborators. These programs are attracting increasing interest from educators. Part of 
this appeal is driven by the recent implementation of the Australian Curriculum: Design 
and Technologies and Australian Curriculum: Digital Technologies, which recognize 
that society needs digitally fluent learners who can both use and produce with 
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technology. This has given rise to an increasing focus on robotics and coding in 
classroom teaching, and hands-on technologies such as littleBits and Arduino, which is 
propelling teachers to promptly up skill41. 
 
The recent professional development program for the Dream Factory Makerspace 
project is a case in point. This project is an initiative of the Queensland Government’s 
Department of Education and Training to support the establishment of fourteen 
Makerspaces in schools across the state. A Makerspace is a ‘physical location that 
brings people together for the purpose of making, tinkering, fixing, and sharing’ 
(Queensland Government Department of Education and Training, 2015). To support 
this development, the Department issued each school with a Makerspace starter kit, 
which included a range of hardware including littleBits, MaKey MaKey, wearable 
technology, 3D printers, GoldieBlox, Osmo, and Oculus DK2. My role was to support 
teacher skills development through an intensive (on campus) training session that 
focused on how to engage school students with (some of) these hardwares using our 
STEAM phases. 
 
These programs are also used in train-the-trainer models. This was initiated in 
response to our existing partnership with Brisbane City Council Library Services. This 
partnership has evolved from delivering workshops to training librarians to deliver 
technology-focused STEAM workshops. The partnership began as an opportunity to 
introduce STEAM programs to a broader community (ages 8 – 12), by tapping into a 
distributed library network. After two years however, it became evident that we were 																																																								
41 Digital literacy is considered an essential skill in this era, and is largely driven by technological advances 
in robotics and the Internet. Mitchel Resnick has long espoused the need for education to promote 
opportunities for learners to exploit the benefits of the digital. Being digitally fluent not only involves 
‘knowing how to use technological tools, but also knowing how to construct things of significance with 
those tools’ (Papert & Resnick, 1995). In other words, learners need to know how to both read and write 
with technology. As I elaborated in Chapter Four – The Cube, new developments in digital technologies are 
increasing the scope of students’ constructive engagement with these tools. It is also known that teachers 
don’t necessarily know how to use these resources, or can struggle to develop effective and genuine 
workshops with them. Digital fluency is therefore not just about education for students, but also for 
teachers. 	
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unable to sustain the demand of onsite and offsite public programs due to limited 
human resources (i.e. facilitators). The Library was also aware that the changing 
landscape of libraries meant that visitors were seeking new ways to engage with these 
spaces, and were placing new demands on the role of the librarian. There was, 
therefore, an opportunity to shape a different vision of this partnership by working 
closely with library management. This collaboration led to the development of a train-
the-trainer model for librarians who have been selected to deploy a series of 
technology-focused workshops for children in their libraries. My role is to build their 
confidence and evoke interest, and generate discussion around new ways librarians 
can use technology to engage young learners. I also provide practical guidance about 
how to use toolsets like Sphero, littleBits and MaKey MaKey. 
 
Collaborators (i.e. the STEAM brains bank) 
We have also developed a STEAM network of collaborators at The Cube. Our 
collaborators, or ‘brains bank’, are the eyes and ears of the program. They are 
individuals from diverse and disparate practices who help us to develop (and 
sometimes deliver) programs that are responsive to the needs of our community and 
the nuances of disciplinary ways of thinking. This is not a static pillar-like configuration, 
but an ever-evolving network that remains open to exchanges and input from new 
collaborators. Establishing and sustaining these collaborations establishes a foundation 
upon which to build the STEAM network, and to ensure that a common objective is 
pursued and achieved between stakeholders. Off the shelf: creative coding is an 
example of this approach42. My role in this STEAM network is that of a connector. I am 
someone who identifies, recognizes, and facilitates opportunities for exchange between 
																																																								
42 Off the shelf: creative coding was a two-part community engagement program that built on the existing 
partnership between The Cube and Brisbane City Council Library Services (BCCLS). The program aimed 
to develop digital literacy and digital entrepreneurship in the community through hands-on STEAM 
engagement. These aims were identified by key program stakeholders and collaborators, including: The 
Cube, BCCLS, Watson Road State School, and Asia Pacific Design Library (Design Minds). 	
 	 84 
our collaborators. The recent program Catalysts for Creativity with ARS Electronica is a 
case in point43. 
 
STEAM facilitators 
A fundamental component of the ‘brain bank’ is our STEAM facilitators. Our facilitators 
are the lifelines of the program. They include university students from the QUT Faculty 
of Education, Science and Engineering Faculty (SEF), and Creative Industries Faculty 
(CIF). Involving undergraduate students as program facilitators feeds into a directive of 
the university to ‘strengthen the opportunities for intra-faculty and cross-faculty 
undergraduate program linkages’ through authentic practical experiences (QUT 
Blueprint, 2014). From a pragmatic level, they are the primary implementers of the 
weekly school programs, and have also become the chief facilitators of our public and 
professional development programs. Their proximity to our audiences means that they 
are garnering constant and direct participant feedback, and act as on-the-ground radars 
for program improvement44. They are also modelers of interdisciplinary practice, and 
work together in small configurations (2 – 3) to facilitate each program through their 
unique (and developing) disciplinary lenses. 
 
I work closely with our facilitators, co-facilitating workshops with them to model best 
practice. I am also transparent about what we’re trying to achieve. I hold training 
sessions at the start of each year to prepare them for program delivery and to establish 
the expectations of their role. These early training sessions offer a platform for 
facilitators to get to know their peers, and to learn about their individual experiences, 																																																								43 	Catalysts for Creativity was a program that brought together educators from the Queensland 
Government Department of Education and Training, Pimpama State Secondary College, State Library of 
Queensland | The Edge, Queensland Art Gallery | Gallery of Modern Art, Apple Education, Brisbane City 
Council Library Services, QUT Creative Industries Faculty, Kelvin Grove State College, and The Cube. 
Peter Holzkorn and Nicolas Naveau from ARS Electronica (Linz, Austria) facilitated the program and 
proposed the question: ‘Do you think we need new approaches to learning? Why?’ The group responded 
to this question throughout the course of the program – exchanging ideas about the barriers to 
implementing creative pedagogy, and how these have been negotiated in informal and formal education 
sectors – and engaged in hands-on activities using the technological toolset, Switch. This program took 
place at The Cube in June 2016. 
44 This is also achieved through evaluation surveys completed by teachers and workshop participants after 
each workshop.  
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practices, and personalities. This is especially beneficial when trying to promote a 
culture of openness and interdisciplinary collaboration between facilitators. It also 
enables me to closely observe the strengths and unique perspectives of each facilitator, 
and how these factors might benefit the delivery of certain programs.  
 
Significantly, these sessions seek to inculcate facilitators into our STEAM philosophy 
and to understand the role of art education in this paradigm. This is challenging. 
Observational learning helps, but it takes time for an individual to develop a rigorous 
understanding of a discipline’s ‘way of thinking about the world’ (Gardner, 2007), let 
alone the ability to integrate unfamiliar perspectives. In order to quickly introduce 
facilitators (and program participants) into a STEAM framework has necessitated the 
development of a framework that consists of six key processes that guide program 
delivery.  
 
Six phases of STEAM program delivery  
Figure 12 shows the phases that inform the scaffolding through which program delivery 
occurs. Scaffolding is a series of interrelated prompts that facilitators use to construct a 
networked STEAM learning environment. Much like my experience of the open studio 
model and Children’s Gallery, these prompts are designed to promote pedagogical 
conditions that Mark Webb has described as: ‘individual and inclusive, tacit and explicit, 
collaborative and mediated, social and personal … critical and creative’ (2014, p. 5). I 
have also developed these phases by borrowing from the language of other disciplines 
so as to establish a common language that has relevant and familiar applications 
across the Australian Curriculum. For example, the term ‘Iterate’ is applicable to the 
curriculum areas of Digital Technologies and Mathematics; ‘Ideate’ to The Arts, 
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Science, and Digital Technologies; ‘Implement’ to Mathematics, Digital Technologies, 
and The Arts; and ‘Reflect’ to Science, Mathematics, and The Arts45.  
 
 
Figure 12: The Cube’s STEAM phases. 
 
Inspire  
The ‘Inspire’ phase is the opening hook and sets the tone of the overall workshop 
experience. It seeks to incite personal and social engagement with the workshop, to 
encourage broad participation from many learners. This phase also informs students 
about the intentions of the workshop, and introduces the concept of the STEAM 
philosophy. This is achieved through open-ended and transparent dialogical exchange 
between facilitators and students. Facilitators share their experiences of STEAM, and 
																																																								
45 Some of these terms also share similarities to the language used in the ‘Design Thinking’ framework. 
This framework has gained significant momentum within business sectors in recent years. Some educators 
have also adopted it as a method through which to foster the collaborative, empathetic, and entrepreneurial 
capacity of students (Design Minds, 2016). While it is beyond the scope of this research project to compare 
‘Design Thinking’ to STEAM, it is important to recognize that design and the STEAM disciplines are 
complementary and unique modes of inquiry through which to experience and understand the world. The 
fact that these disciplines share language similarities goes someway to demonstrating this proposition and 
should be considered in future research developments.      	
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encourage students to do the same, and engage students in a discussion about the 
similarities and differences between these disciplines. The aim is to seek diverse 
responses (rather than a focus on right or wrong answers). Facilitators optimize these 
discussions to connect students with the overarching theme of the workshop in the 
‘Inquire’ phase. The ‘Inspire' phase also familiarizes students with the technology used 
in the workshop, through collaborative, hands-on, and ‘constraint-based tasks’ (Mafe & 
Robb, 2014, p. 7). These tasks are designed to trigger interest and develop student 
awareness about what these technologies can do (see Figure 13). They also help 
facilitators to ascertain student’s prior knowledge with the technology, i.e. to be able to 
offer more guidance if student’s need more explicit knowledge about how to use these 
tools. 
 
 
Figure 13: Inspire with MaKey MaKey. Image courtesy of QUT Precincts; photograph by Kate 
O’Sullivan. 
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Inquire 
This phase builds on the initial ‘Inspire’ phase to deepen student understanding about 
the overarching theme and workshop. Facilitators use this phase to establish a 
collective culture of critical and creative inquiry, between peers and facilitators, and to 
encourage students to aggregate and recognize diverse perspectives. For example, the 
littleBits Age Friendly City workshop was developed in response to a recent World 
Health Organization report. The report outlined eight barriers inhibiting the social 
participation and well being of certain demographics in cities throughout the world. The 
report is supported by images and direct quotes from affected groups. In this workshop, 
students work collaboratively to propose ideas to address these barriers. The ‘Inquire’ 
phase encourages students to first share their experiences of the communities in which 
they live, by drawing on personal experience and considering the needs of their peers 
and extended family. Students then closely examine the images and quotes to garner 
and record emerging themes, issues, and problems, before sharing their observations 
with the broader group. Students use these observations and shared experiences to 
inform idea development (next phase).   
 
The ‘Inquire’ phase also seeks to expand student understanding of the technology used 
in each workshop (see Figures 14 & 15). The Age Friendly City workshop, for example, 
uses littleBits as a prototyping material for students to communicate their proposed 
ideas. Whereas, the Driving into the future workshop uses LEGO robotics as a tool for 
simulating automated vehicles. For students to optimize the capability of these tools 
necessitates that they have a sound knowledge from which to draw from. Facilitators 
use this phase to promote these skills through assisted and collaborative hands-on 
exploration. Students are encouraged to work collaboratively and given time to explore 
and experiment. They are also encouraged to circulate around the room and learn from 
their peers, much like my experience in the open studio (this also means that facilitators 
aren’t the only ‘holders’ of knowledge).  
 	 89 
 
Figure 14: Inquire with littleBits. Image courtesy of QUT Precincts; photograph by Kate 
O’Sullivan. 
 
Figure 15: Inquire with conductive ink. Image courtesy of QUT Precincts; photograph by Kate 
O’Sullivan. 
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Ideate  
The ‘Ideate’ phase provides an open space for students to develop ideas informed by 
the previous phases. It positions students in a ‘place of imminence’, whereby they work 
collaboratively to develop propositional responses to overarching themes. This process 
is also comparable to the practice of journaling, a core component of my experience as 
a visual art student. The journal served as an apparatus through which to aggregate, 
conceptually engage, and think through ideas. Similarly, students in the STEAM 
learning environment are encouraged to think widely and creatively, and to develop 
diverse proposals (see Figures 16 & 17). This is a heuristic process, and can be equally 
liberating and challenging for students not used to this pedagogical freedom. It requires 
a vigilant facilitator (or ‘meddler in the middle’) to recognize and support the needs of 
students.  
 
 
Figure 16: Ideate. Image courtesy of QUT Precincts; photograph by Kate O’Sullivan. 
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Figure 17: Ideate. Image courtesy of QUT Precincts; photograph by Kate O’Sullivan. 
 
Implement  
The ‘Ideate’ phase is tightly coupled with the ‘Implement’ and ‘Iterate’ phases; they are 
‘overlapping and mutually informing processes’ (ibid.). In the ‘Implement’ phase, 
learners formulate physical or digital representations of their ideas, experimenting with 
materials and technologies to give form to their ideas. This is a process of hands-on 
learning, or a ‘material form of concept making’, a core experience of the open studio 
model. It shares strong similarities to Papert’s proposal that students learn best when 
making ‘objects to think with’, while working collaboratively with others (Papert as cited 
in Roque, 2012, p. 23). At The Cube, the ‘Implement’ phase also encourages learners 
to focus on process over form. We are not interested in promoting the development of a 
‘finished’ object or evaluating an object’s aesthetic properties. Instead, we promote 
creative concept development through a process of prototyping, to encourage 
expansive thinking. This is also supported through an emphasis on iteration.  
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Figure 18: Implement. Image courtesy of QUT Precincts. 
 
Figure 19: Implement with littleBits. Image courtesy of QUT Precincts; photograph by Kate 
O’Sullivan. 
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Figure 20: Implement with MaKey MaKey. Image courtesy of Pimpama State Secondary 
College. 
 
Figure 21: Implement with littleBits. Image courtesy of QUT Precincts; photograph by Kate 
O’Sullivan. 
 
 	 94 
Iterate  
The ‘Iterate’ phase is designed to promote observation, listening, and questioning – for 
students to identify how others have approached a problem, and to consider other 
perspectives. This phase is related to activities designed for students to stop what 
they’re doing and actively seek peer and facilitator feedback. Students are then 
encouraged to make adjustments to their prototypes, and to try new or other ways of 
implementing their ideas, based on these interactions. I have noticed that this phase 
helps students who might be ‘stuck’ on an idea, to move forward – it also reinforces the 
idea that there are diverse ways to approaching a problem, no one right or one way of 
communicating an idea.  
 
 
Figure 22: Implement with Arduino. Image courtesy of QUT Precincts. 
 
Reflect  
The ‘Reflect’ phase is related to exercises that facilitate student discussion and thinking 
about the individual and collective learning process. This process is about ‘asking 
clarifying questions to maintain a self-reflective mode of thinking’ (Webb, 2014, p. 4). 
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Facilitators encourage all students to actively present their ideas, to encourage their 
peers to ask questions, and provide constructive feedback. Students are also asked to 
discuss any challenges they encountered and what they enjoyed most about the 
workshop. Fundamentally, this phase is an opportunity for students and facilitators to 
take stock of what they have learned and discovered. 
 
Going forward  
Though still in its infancy, the STEAM framework I have developed and implemented 
through my role at The Cube has consistently received enthusiastic and positive 
responses from program participants, as well as program facilitators. Garnering 
feedback from these stakeholders is a fundamental component of my role – it helps me 
to identify the aspects of the program that are working and areas that can be improved. 
Participating teachers have commended the pedagogical scaffolding of these programs 
and there appeal to students (see Appendix 3). They have spoken about the benefits of 
augmenting classroom teaching by connecting to those outside the school community 
(see Appendices 4 & 5). Program facilitators (undergraduate QUT students) have also 
spoken about the value of collaborating with students from other disciplines (see 
Appendices 6 & 7). As I reflect back on the development and implementation of STEAM 
at The Cube, I am aware that these perspectives (i.e. those of the participant, 
collaborator, and facilitator) remain largely hidden from the reader. The concluding 
chapter makes recommendations for inviting broader perspectives to future directions 
of this study. It also offers preliminary observations, garnered from feedback by 
participants and work in this field, about the need for online STEAM learning initiatives. 
This has exciting potential and warrants additional investigation and development by 
researchers and practitioners in the field. 
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CONCLUSIONS 
 
The core proposal in this thesis is that art education makes a valuable contribution to 
the STEAM pedagogical paradigm. STEAM is a framework for learning and teaching 
that optimizes connections between disciplines so as to meet the new challenges of an 
increasingly connected and networked world. Art education is amenable to fostering the 
capacities and actions needed to respond to and take advantage of these 
transformations. In this conclusion, I examine this matter by grouping my discussion 
into three sections. The first summarizes how I have responded to the research aims 
put forward in the introduction. The second discusses some of the opportunities I have 
identified for the development of STEAM, based on practical experience in the field and 
my research interviews with STEAM practitioners. The third proposes a consideration 
of the limitations and future directions of this study.  
 
Responses to the Research Aims 
Three aims were conceived to provide responses to my main research question: 
 
Given the demand for new learning and teaching practices, how does art 
education contribute to the development of new pedagogical 
configurations and conditions, through a STEAM framework?  
 
Aim 1: Reveal and identify how art education shapes networked concepts of 
education.   
I addressed this research aim in Chapter Three through my reflections about Art 
education in an open studio model, Art education beyond the white walls, and Art 
education in a children’s gallery. These discussions were informed by my learning and 
teaching experiences in these environments, which informed the principles upon which 
the STEAM programming framework at The Cube was built. This chapter revealed that 
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art education possesses the learning and teaching methodologies espoused in 
networked pedagogical configurations, as established in Chapter One – Literature 
Review. In Chapter Three I also established that contrary to stereotypes and 
assumptions about art, art education is concerned with a broad range of reference 
systems and fields of inquiry, and engaged in interdisciplinary interactions beyond the 
discipline boundaries of art. The assessment of art education’s amenability to shaping 
networked concepts of education was discussed further in Chapter Five – Analysis and 
Findings from data collected during my research interviews. 
 
Aim 2: Investigate key characteristics of current practices of STEAM learning and 
teaching practices by drawing on empirical knowledge in the field.  
This aim was addressed in Chapter Five by investigating the key characteristics that 
emerged from research interviews with six leading North American STEAM exponents. 
These interviews established that STEAM promotes disciplinary synthesis through 
project-based learning and the use of digital technologies, and models interdisciplinary 
collaboration through a process of co-facilitation. These spaces advocate self-directed, 
risk-friendly and open-ended learning experiences, and adopt a horizontal approach to 
learning and teaching, whereby knowledge is not beholden to one source (i.e. a 
teacher). Instead it is actively sourced and understood through a distributed learning 
network, which includes peers, facilitators, and external collaborators. The interviewees 
also identified that much work still needs to be done to transform STEAM from ‘extra 
curricula’ activity to ‘core curriculum’ in formal education sectors. Eyebeam and Le 
Laboratoire proposed that universities and informal learning environments could play a 
leading role in the ongoing effectuation of these changes.  
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Aim 3: Develop a conceptual framework for future STEAM learning and teaching 
informed by my practical work in the field.  
I addressed this aim throughout Chapter Six. The resultant conceptual framework was 
informed by my practical experience at The Cube where I developed and implemented 
a STEAM learning engagement program. This chapter augmented Chapter Four, which 
established the specific environment in which the framework was developed. This 
framework was designed to compensate for the absence of empirical data sets and to 
resolve some of the uncertainties about how to teach STEAM, as I established in the 
introduction.  	
Opportunities  
In Australia, STEAM is an emerging field of practice and research inquiry. The pillar 
approach to formal education that dominates school curricula is a major obstacle that 
prevents the benefits of STEAM learning from being fully realized. This situation will 
only change when top-down infrastructural and cultural pedagogical shifts are 
implemented. In the meantime, small practical steps can advance the development of 
STEAM in this country. Universities like QUT can be catalytic game changers if they 
support cross-faculty interactions between staff, students, and local communities. As 
Alan Wilson (2010) has proposed: ‘If there is to be a sea change in education, it will be 
rooted in universities’. As the research interviews also established, informal learning 
environments that operate under or are amenable to hybrid and interdisciplinary 
conditions – where there are intersections between art, science, and technology - can 
also provide leadership in this space. In this section I make three recommendations for 
fostering the development of STEAM, informed by findings from my research interviews 
and practical experience at The Cube. The recommendations identified have broader 
relevance for individuals and organizations invested in STEAM. 
 
 	 99 
Opportunity 1: The establishment of STEAM incubators for the advancement of 
research, and social and engagement activities 
The Cube’s STEAM programs have attracted great interest over the years through on 
and offsite activities. Limited access to a permanent space in which to deliver these 
activities, however, jeopardizes the expansion of this program. It also threatens to 
entrench STEAM as a peripheral activity, and as something that is only suitable for 
intermittent, rather than long-term engagement. STEAM therefore requires a dedicated 
physical space to support ongoing activity within a host community. These spaces 
should support engagement with schools and public communities, provide professional 
development opportunities for educators, and offer opportunities for university students 
to engage in interdisciplinary collaborations. Feedback garnered from working with 
undergraduate students in my role at The Cube suggests that the opportunity to interact 
with peers from other faculties is rewarding, and is something they would like to do 
more of, but the opportunities are not widely available in their courses.  
 
Tertiary STEAM spaces could facilitate these interactions on an ongoing basis46. They 
could be modeled on the existing framework at The Cube, for this site encourages 
undergraduates to co-facilitate and develop community-focused STEAM programs. 
Such a space could also be augmented to involve frequent input, interactions and 
collaborations with interdisciplinary research groups. The learning and teaching that 
occurs within these spaces – between those within and outside of the university, and 
from diverse disciplines – should also be examined as part of longitudinal research on 
STEAM and networked pedagogical configurations.  
 
Opportunity 2: The Progress of STEAM Through Online Initiatives 
As an emergent field of practice, the development of STEAM will benefit from 
heightened engagement and exposure through online activity. This can be useful for a 																																																								
46 It follows that the successful implementation and continuance of these spaces necessitates that the 
appropriate infrastructure is afforded. This includes individuals who are adept at brokering and driving 
collaborations between people, organizations, disciplines, and communities. 
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number of reasons. For example, individuals who are new to the field, or uncertain 
about how to teach STEAM should be able to access online platforms for instructive 
empirical knowledge (such as lesson plans) that have been contributed and shared by 
others. These platforms already exist, for example, the littleBits website contains 
numerous STEAM lesson plans that have been developed and shared by both the 
littleBits education team and classroom teachers. The value of this resource is that 
lessons are freely available and applicable to different grades and subject areas. The 
shortcoming of this resource is that these plans are directly related to how to implement 
STEAM using littleBits. The successful facilitation of these lessons, therefore, is 
dependent upon classroom access to this technology. These technologies are also not 
affordable for some low socio-economic schools. To prevent STEAM from becoming an 
exclusive pedagogical experience it is important that online resources have practical 
and widespread relevance for educators teaching in diverse environments, and should 
not be wholly reliant on access to certain tools47.  
 
I also recognize that The Cube, and the STEAM spaces I visited to conduct interviews 
for this research project, are located in urban, inner-city environments. Such locations 
are problematic for teachers in regional areas who find it difficult to attend professional 
development programs in person, or bring their students to STEAM workshops. This is 
exacerbated for teachers in schools with limited funding to cover excursions costs48. 
These teachers therefore often ask if our STEAM facilitators are able to travel to their 
schools to facilitate workshops in person. Additional funding to cover costs associated 
with off-campus excursions would make this a conceivable option for The Cube49. 
Another (more affordable) option that has been explored, but I am yet to fully exploit, is 																																																								
47  Whilst our school workshops are free to attend, they revolve heavily around the use of digital 
technologies (such as littleBits). I am aware that this is something that I will have to negotiate over the next 
six months, as I work towards my goal of sharing our STEAM lesson plans online, via The Cube website. 
48 While The Cube is located near public transport, most schools prefer to transport students to and from 
school via a charter bus for safety and convenience. The hire of these buses incurs a direct cost for 
schools and / or parents. 	
49 These costs include staffing (program facilitators and administrators),  transportation to and from The 
Cube, workshop materials (additional materials would be required so as to continue delivering concurrent 
onsite workshops). 
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webinars. I have facilitated a number of professional development webinars for the 
Queensland Government Department of Education and Training (DET), through my 
role at The Cube. This has been an effective way to connect with teachers who are 
otherwise unable to attend The Cube in person. It is also an option that I am keen to 
explore to connect more school students with our workshops, but requires a platform 
that facilitates a more interactive experience for students,50 such as Skype in the 
Classroom or School in the Cloud51. Whilst these platforms don’t focus explicitly on 
STEAM, they offer a framework that could help guide the development of interactive 
and ‘face-to-face’ online STEAM workshops. Accordingly, STEAM facilitators and 
experts in the field could virtually connect with classrooms, facilitate learning activities, 
and offer dynamical collaborations with teachers and students over an extended period 
of time.  
 
As interest in STEAM continues to expand more empirical knowledge will accumulate 
and should be produced in accessible, online STEAM journals. Some already exist, 
such as The STEAM Journal, administered by Claremont Graduate University. This is 
an online peer-reviewed ‘hub for scholars and practitioners of many disciplines who 
wish to provide commentary, exchange ideas and inform policy and practice of STEAM’ 
(Claremont Graduate University, 2016). There is also the STEAM Catalogue, a student-
led initiative administered by a small body of students from North American tertiary 
institutions, and documents the work being undertaken by this group in schools and 
universities52. While neither of these journals provide lesson plans, they are useful 
because they reveal the type of work being undertaken in this field (notably within North 																																																								
50 The webinar platform that I used allowed me to talk through pre-prepared PowerPoint slides and 
teachers were able to submit (written) questions as I spoke. While these are useful features, the 
inadequacy of this platform is that it does not allow a ‘face-to-face’ dialogue to occur, something that I 
believe is essential to establishing a collaborative and engaging learning environment, whether online or in 
person. I was effectively talking to the screen and felt that my engagement with teachers was 
choreographed and informed by a top-down exchange.   
51 School in the Cloud was started by educational researcher, Sugata Mitra, in 2013 and is an online 
learning platform that connects school students with a global team of volunteer educators. Skype in the 
classroom operates on a similar premise; it is an initiative of Microsoft Education and optimizes Skype to 
connect classrooms with other schools, educators, and experts in different industries.  
52 These universities include Brown University, MIT, RISD, Yale University, New School, Boston University, 
Rutgers University, and Harvard University. 
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America). This includes discussion of some of the challenges facing those wanting to 
implement STEAM in formal education contexts, and proposals for methods to 
effectuate connections between disciplines based on practical experience.  
 
These journals could be improved by facilitating active dialogue between authors and 
readers. This is something that I would find useful as a practitioner, as it advances 
conversations in an interactive exchange of ideas with other practitioners and 
researchers. The recently established Journal of Design and Science (JoDS), published 
by the MIT Press, provides a useful model for future developments in online STEAM 
journaling53. The feature of JoDS that is most closely aligned to the collaborative spirit 
of STEAM is the rich commenting feature that harnesses the interactive capacity of the 
Internet to afford widespread, ongoing and two-way communication via a distributed 
network of (academic and non-academic) perspectives. JoDS has enabled this function 
to ‘incite much-needed change in academic publishing by challenging traditional 
academic silos as well as the established publishing practices associated with them’ 
(Journal of Design and Science, 2016). 
 
The Internet can also be used to prompt collaborations between local STEAM hubs. 
Something I noted whilst conducting research interviews is that some practitioners were 
unaware of similar activities being undertaken by others locally, but were eager to 
connect with these people in their field. These connections could be mediated through 
an online map, for example, that charts the location of STEAM initiatives and provides a 
means through which to contact an individual or organization. RISD has developed a 
global online map where anyone can join ‘to reveal the growing STEAM network, share 
what’s working, and show decision makers where STEAM is happening’ (STEM to 
STEAM Map, 2016). At the time of writing the map reveals a hive of global activity 																																																								
53 The aim of JoDS is to establish ‘new connections between science and design, encouraging discourse 
that breaks down the barriers between traditional academic disciplines’ (Journal of Design and Science, 
2016).  	
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(though largely within North America), and can be filtered according to research, 
education, industry, or policy-based STEAM activity. This resource can only strengthen 
the profile of local STEAM initiatives by situating them within a global context, thereby 
also helping policymakers to envision the broader value and reach of such activities.  
 
A close examination of individual contributions, however, reveals that there is an 
inconsistency in terms of information people actually include in their profile. For 
example, some only include their first name, while others have only included 
statements about why they believe STEAM is important. I believe that enabling a 
function that allows contributors to initiate conversations with others to facilitate a truly 
collaborative and social platform could optimize this resource.  
 
Opportunity 3: Establishing A National University STEAM Advocacy Network  
As I near the end of this research project, I am aware that other Australian universities 
are beginning to invest in STEAM initiatives. These include the University of Melbourne 
through this university’s soon to be established Science Gallery, and the University of 
Tasmania (UTAS) 54 . Both are dedicated to using STEAM activities to engage 
communities that exist within and beyond the university55. I believe this trend will 
expand in the future. As I have contended, universities are in a unique position to effect 
and facilitate change on a local and national scale by collaborating with others. This is 
evident by the work undertaken and achieved by the RISD ‘STEM to STEAM’ 
movement, which was established to situate STEAM as a national priority for 
government policy making in North America. RISD worked with US government and 
industry representatives to help establish a bipartisan Congressional STEAM Caucus 
																																																								
54 Science Gallery is an international ‘non-profit company headquartered in Dublin, Ireland, and charged 
with supporting the development of the Global Science Gallery Network’ (Science Gallery, 2016). Science 
Gallery Melbourne is set to open at the University of Melbourne in 2020.   
55 The Cube will be working with staff from UTAS in early 2017 to facilitate a STEAM focused program for 
higher education, schoolteachers, university and school students, which is scheduled to take place at the 
QUT Kelvin Grove campus. The motive behind this program is to optimize the cross-disciplinary work being 
undertaken by researchers at each of these universities by inviting educators and students to see the value 
of this type of work and identify how similar interactions can be facilitated within formal education contexts.	
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that promoted its benefits, and ultimately led to the successful passing of the ‘Every 
Student Succeed Act’ 56 . Whilst similar arrangements might not be achievable in 
Australia, the establishment of a national university network (or consortium) could help 
shift this country’s governmental focus on STEM. A network could harness the 
collective efforts of higher education STEAM initiatives to advance empirical and 
theoretical research in the field, work with industry and community sectors to promote 
the benefits of STEAM, and engage in advocacy and policy advice. This would require 
a concerted effort between collaborating universities and an ongoing commitment to 
advancing STEAM in this country. 
 
Limitations and Future Directions 
While this research project has given me a platform from which to critically reflect on 
my field of practice and contribute to early empirical knowledge on STEAM, I am also 
aware that this research presents some limitations. These limitations include: 
 
• Scope – Interviews with six leading American exponents of STEAM programs 
were conducted as part of this study. American-based initiatives were chosen 
because this country originated the STEAM concept, and is a global leader in 
this field. While the interviews produced adequate data for analysis, and 
achieved the aim of generating empirical knowledge about STEAM, I cannot 
contend that this sample comprehensively represented all American STEAM 
initiatives. Future studies would benefit from broader representation, including 
comparisons to other countries invested in STEAM initiatives.    
• Perspective – This study is elaborated from the perspective of the professional 
practitioner, supplemented with data collected from research interviews with 
American STEAM practitioners, and practice-led research. While it was never 
the aim of this study to obtain input from non-practitioners, contributions drawn 																																																								
56 The US Congressional STEAM Caucus was co-chaired by Congresswoman Suzanne Bonamici and 
Congressman Aaron Schock.  
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from program participants (for example, school students and teachers) would be 
useful if included in future research and empirical developments in this field. 
• Longitudinal studies – As STEAM gains momentum, it would be beneficial to 
conduct longitudinal studies that investigate the long-term impact of its 
initiatives, and the value of art education within this paradigm. These studies 
should also examine the correlational perspectives of program participants and 
practitioners in order to identify the optimal conditions for STEAM’s contribution 
to learning and teaching in the early 21st century. 
 
I am the first to concede that my school aged self would be astounded by my current 
line of work and research inquiry – for these have brought me closer to subjects that 
caused me some chagrin as a student. However, just as my research project has 
proposed that a better understanding of art education is needed, so too have I had to 
reassess my assumptions about STEM. This has been a rewarding, complex and 
revealing process, heightened by my collaborations with practitioners from diverse 
disciplinary sectors. These interactions have helped me to gain a greater perspective of 
these fields. If we can learn to envision and give permission to the value of diverse 
ways of seeing and doing, the coexistence and ongoing interaction of the STEAM 
disciplines affords a promising new model for networked learning and teaching 
conditions. 
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APPENDIX 1 
SEMI-STRUCTURED INTERVIEW QUESTIONS AND DETAILS ON 
INTERVIEW PARTICIPANTS  
 
 
SEMI-STRUCTURED INTERVIEW QUESTIONS 
1. What is your position and role at this organization? 
2. What is your understanding of STEAM? How would you describe it? 
3. What is the significance of integrating the Arts with STEM? What are the 
benefits? 
4. What role do informal and formal learning environments (including cultural 
institutions) play in this field? 
5. Describe the objectives guiding your work in this area (i.e. why STEAM)? 
6. What kinds of programs do you offer? 
7. Who is your audience demographic? Why? 
8. What are the desired outcomes of these learning experiences?  
9. What are the challenges to implementing these types of learning experiences? 
10. In what direction do you see STEAM moving?  
 
 
DETAILS ON INTERVIEW PARTICIPANTS  
INTERVIEWEE Erica Kermani, Director of Community Engagement 
INSTITUTION Eyebeam, New York 
INSTITUTIONAL FOCUS ‘Eyebeam is a nonprofit studio for collaborative experiments with 
technology toward a more imaginative and just world. By 
providing generous support to artists for research, production and 
education’ - http://eyebeam.org/  
INTERVIEW LOCATION In person and onsite (December 2015) 
 
INTERVIEWEE Saeed Arida, Founder and Chief Excitement Officer, and Saba 
Ghoule, Co-Founder and Chief Creative Officer 
INSTITUTION NuVu Studio, Boston  
INSTITUTIONAL FOCUS ‘NuVu is a full-time innovation school for middle and high school 
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students. NuVu’s pedagogy is based on the architectural Studio 
model and geared around multi-disciplinary, collaborative 
projects. We teach students how to navigate the messiness of the 
creative process, from inception to completion by prototyping and 
testing’ - https://cambridge.nuvustudio.com/ 
INTERVIEW LOCATION In person and onsite (December 2015) 
 
INTERVIEWEE Eric Muller, Senior Science and Math Educator and Technology 
Lead 
INSTITUTION The Exploratorium, San Francisco 
INSTITUTIONAL FOCUS ‘The Exploratorium is a public learning laboratory exploring the 
world through science, art, and human perception’ - 
https://www.exploratorium.edu/ 
INTERVIEW LOCATION Skype (December 2015)  
 
INTERVIEWEE Andrea Sachdeva, International Director of Education 
INSTITUTION Le Laboratoire, Boston  
INSTITUTIONAL FOCUS ‘Le Laboratoire is an interdisciplinary culture lab that invites the 
public to participate in the experiments and discoveries of world-
renowned artists, designers, scientists, and culinary masters as 
they discover at the frontiers of science. Functioning as a hive of 
innovative thinking and practice, Le Lab’s public programming 
takes the shape of exhibitions, talks, unexpected food and drink 
experiences, and more, exploring ArtScience by illuminating the 
collaborative processes and insights of diverse thinkers, 
practitioners, and makers’ - 
http://www.lelaboratoirecambridge.com/ 
INTERVIEW LOCATION In person and onsite (December 2015) 
 
INTERVIEWEE Rob Gilson, STEAM Specialist 
INSTITUTION The Blue School, New York  
INSTITUTIONAL FOCUS ‘Blue School is a progressive independent school located in New 
York City's Lower Manhattan’ - http://www.blueschool.org/ 
INTERVIEW LOCATION In person and onsite (December 2015) 
 
INTERVIEWEE Caroline Payson, Director of Education, and Michelle Chung, 
Professional Development Manager 
INSTITUTION Cooper Hewitt Smithsonian Design Museum, New York 
INSTITUTIONAL FOCUS ‘Cooper Hewitt, Smithsonian Design Museum is the only museum 
in the nation devoted exclusively to historic and contemporary 
design. Cooper Hewitt educates, inspires, and empowers people 
through design by presenting exhibitions and educational 
programs and maintaining active publications’ 
(https://www.cooperhewitt.org/). Their education program 
engages educators and school students in a process of design 
thinking informed by STEAM instruction. 
INTERVIEW LOCATION In person and onsite (December 2015) 
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APPENDIX 2 
STEAM PROGRAMS AT BRISBANE CITY COUNCIL LIBRARIES 
The following blog post was published on Cube Chat (November 26, 2014), and written 
by Jane Peel, Digital Hub Coordinator, Brisbane City Council Library Services 
(BCCLS), about the response to The Cube’s STEAM workshops across BCCLS 
libraries. The original post is available online at 
https://qutthecube.wordpress.com/2014/11/26/lets-hear-from-brisbane-city-council-
library-services/ 
 
 
Over the last 12 months, The Cube has partnered with Brisbane City Council libraries 
to deliver a series of innovative electronics and coding programs for children aged 8-12 
using littleBits, LEGO MINSTORMS NXTs, MaKey MaKey and Scratch. 
The Cube’s innovative programs have been hugely popular in Brisbane City Council 
libraries. Demand continues to grow exponentially in the areas of electronics, robotics 
and coding for children as families actively search for opportunities to help children 
prepare for a future where an ability to leverage these technologies will be considered a 
basic life skill. 
The workshops are accessible to a wide cross-section of the Brisbane community and 
cater for all abilities. Each course encourages children to build confidence and learn 
important life skills such as teamwork, creative collaboration and presentation skills, 
while developing new connections within their local community. 
I am amazed by the ability of each child to absorb, innovate and apply this technology 
so quickly and enthusiastically. 
 
 	 109 
APPENDIX 3 
STEAM FROM A DEPUTY PRINCIPAL’S PERSPECTIVE 
The following blog post was published on Cube Chat (September 15, 2016), and written 
by Cathy Forbes, Deputy Principal from Watson Road State School, about the 
involvement of her students in The Cube’s Off the shelf: creative coding program. The 
original post is available online at https://qutthecube.wordpress.com/2015/09/16/off-the-
shelf-reimagining-libraries-with-watson-road-state-school-students/ 
 
Earlier this year, The Cube’s public program team undertook the Off The Shelf 
program, part one of which involved engaging with students from Watson Road State 
School in a series of workshops centered on the idea of the changing role of libraries as 
social and educational hubs. Students engaged with these ideas through hands-on 
STEAM activities using littleBits as prototyping tools. Watson Road State School 
Principal Cathy Forbes shares her experience of the project: 
Cathy: The littleBits project at Watson Road State School has provided students with 
the opportunity to work collaboratively and think differently. The open-ended nature of 
the task meant that students felt confident to try out new ideas, knowing that there were 
no right or wrong answers. Students were given a challenge: to design a library of the 
future. They saw this as a real-life and authentic task, which encouraged self-directed 
learning and the application of knowledge and learning by experience. This project 
stepped way from traditional classroom learning and introduced 21st century problem 
solving skills to students in an engaging way. Students were motivated and enthusiastic 
about their participation in the challenge. 
 
The cross-curricular connections in the project are very strong. Students were required 
to collect data and research, and were asked to apply the information to plan their 
prototypes and conceptualize their design. The design-and-make nature of the project, 
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as well as links to science and engineering, met requirements in the key learning area 
of technology, in which students use design thinking and technologies to generate and 
produce designed solutions for authentic needs and opportunities. 
Students were encouraged to collaboratively apply their knowledge and practical skills 
and processes when using technologies to create innovative solutions that meet current 
and future needs. The practical nature of the project engaged students in critical and 
creative thinking, including understanding interrelationships in systems when solving 
complex problems. A systematic approach to experimentation, problem solving, 
prototyping and evaluation instilled the value of planning and reviewing processes to 
realize ideas. 
Links to English were reinforced with students interpreting descriptions and research. 
They were required to read and give instructions, generate and explore ideas with 
others, write design briefs and specifications, and participate in group discussions. 
Students communicated their ideas and proposals to an audience. By learning the 
literacy of technologies, students understand that language varies according to context 
and they increase their ability to use language flexibly. 
Technologies vocabulary is often technical and includes specific terms for concepts, 
processes and production. Students learn to understand that much technological 
information is presented in the form of drawings, diagrams, flow charts, models, tables 
and graphs. They also learn the importance of listening, talking and discussing in 
technologies processes, especially in articulating, questioning and evaluating ideas. 
The project provided students with an opportunity that they would not ordinarily have 
had. QUT and Brisbane City Council Library staff facilitated self-directed learning whilst 
providing expert guidance to students and staff. The project was a wonderful success. 
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APPENDIX 4 
STEAM FROM A TEACHER’S PERSPECTIVE 
The following post was published on the Asia Pacific Design Library blog (September 
21, 2014), and written by Terry Deen, formerly a teacher at Kelvin Grove State College, 
and currently Head of Learning, Queensland Art Gallery | Gallery of Modern Art. In this 
post, Deen shares his experience of connecting with the STEAM program at The Cube. 
The original post is available at http://blogs.slq.qld.gov.au/apdl/2014/09/21/today-
makerfaire/ 
 
Terry Deen, a local teacher at Kelvin Grove State College in Queensland, is the 2014 
Smithsonian Cooper-Hewitt Fellow. Thanks to the partnership between the Queensland 
Government and the Cooper Hewitt, Smithsonian Design Museum in New York, Terry 
will be working at NYC’s iconic Museum Mile until early October. He is in New York 
experiencing and delivering quality design education via his tenure. Terry is sharing his 
experiences with through the APDL blog.  You can also follow Terry’s journey 
via Twitter or Instagram. 
 
Today at Maker Faire NYC, I ventured into a geek-out session on the scale of a 
medium-sized music festival.  This weekend the New York Hall of Science is divided up 
into five zones: z1:make:electronics; z2:makerspaces + hackerspaces; 
z3:make:education + make:DIY; z4:coke zero+mentos + maker shed stage; 
z5:make:live.  The place was awash with left and right brain mash ups that had me 
spellbound and got me thinking about the evolution of tech culture. 
Now is a great time to embrace your inner tech geek/science nerd.  Even a right 
brained art teacher such as myself can now learn alongside fans of intel and 
radioshack.  Essentially, the maker faire is a party that needs more right brainers to get 
on board.  The fact that tech has become so much more intuitive in recent years, is 
 	 112 
ideal for greater collaboration between makers in aprons and makers in lab coats; the 
same goes for teachers of science, tech, engineering, the arts, maths and design 
(STEAM.d). 
I’d like to share a few highlights from today to demonstrate the joyous time of today’s 
tech-head scene: 
– BEVLAB: The Future of Beverages (i & j ideations): after close to an hour in line, you 
walk into a small pop up LAB, arrive at the first station where you receive your BEVLAB 
passport and respond to three multiple choice questions.  You then head to the juice 
station where you select a base concentrate and experiment with an array of flavours in 
the form of essences, powders and liquids.  Once you have concocted your formula, 
and the LAB staff have added water into your personal juice jar, you then head to one 
of three counters (based on your group’s earlier responses to the introductory 
questions).  Our group was filtered on to the #4 X – MODALITY station, where we 
mixed tastings of our juices with: the aromas of scented oils; the sounds of Beethoven, 
The Prodigy and others; and viewings into 3D virtual worlds via dodocase 
vr.  Meanwhile, #3 PHASE workstation was busy turning liquid into forms, while the #2 
PAKAGING station infused liquids into frozen edible flowers. 
– GLANK Found Object Percussion: I’ve been an authorised hitter of found objects 
since starting drum lessons in grade 8, so I was thrilled to bits when I found a group of 
mathematicians with the senses of rhythm and humor playing binary rhythms on 
industrial objects.  GLANK is all about audience participation.  After their intro number, 
they handed out shakers made out of recycled containers of all materials, shapes and 
sizes.  The background tracks engaged the audience through pre-recorded robotic 
instructional beats.  Whilst this was not the free flowing drum circle I stumbled across a 
month ago in Harlem, these lovers of algorithms were jamming with toddlers, teens and 
grown ups alike. 
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The maker movement is thriving.  The work I have had the fortune to do with Jacina 
Leong at QUT’s CUBE is right on the pulse of global innovation in STEAM.d.  Teachers 
around Queensland are collaborating across STEAM silos to explore the educational 
permutations of gaming, 3D printing, interaction deisgn, DIY tech and so on.  Teachers 
are more and more in need of exposure to the latest in making.  In a profession where 
time is thin, keeping up the skills and needs of students is going to be a significant 
challenge.  Collaborating with makers, public programers, colleagues and students is 
the quickest and most rewarding way to get involved.  If you get the chance, go to a 
maker event, ask questions and have fun embracing your inner geek. 
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APPENDIX 5 
STEAM FROM A HEAD OF DISCIPLINE AND PRINCIPAL’S 
PERSPECTIVE 
The following post was published on the Arts Queensland blog (November 21, 2014), 
and written by Adam Jefford (Head of Discipline, Creative Industries) and John 
Thornberry (Principal), Pimpama State Secondary College. In this post, Jefford and 
Thornberry share their experience of connecting with the STEAM program at The 
Cube. The original post is available at http://www.arts.qld.gov.au/aq-blog/arts-
education/5128-what-does-it-take-to-be-a-citizen-who-thrives-in-the-21st-century 
 
John Thornberry and Adam Jefford discuss the value of creative-led investigation and 
the development of 21st century skills across the whole curriculum. 
In 2011-12 the population of Pimpama a suburb in the northern part of the Gold Coast 
jumped 12.6% to 3700 making it the fastest growing area in Queensland according to 
the Australian Bureau of Statistics. We considered this growth and change  in building 
Pimpama State Secondary College  and wanted to reconceptualise the traditional 
concepts of why schools exist. 
When the school opened in January 2013 we had considered how we could be a 
learning community that prepares students for life after school in an ever-changing 
global economy.  We asked, “ be a school that builds students up with the skills and 
knowledge so they can thrive in the 21st Century?”  This resulted in our school mission: 
Developing learners who can identify opportunity and manage risk, who can innovate 
and create; who can shape and define their future. 
 
Early inspiration for our College’s philosophy came from Sir Ken Robinson’s well-known 
TED talk, How Schools Kills Creativity. From the outset, we knew that creativity and 
innovation needed to be the pillars of our curriculum:  equal in importance to literacy 
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and numeracy. We identified the skills that we felt our students would need to thrive in 
the 21st Century: can self-manage, are confident to take risks, feel comfortable to fail 
and learn from failure, are curious, and are good communicators and collaborators. 
 
We enable the development of these skills through the college-wide delivery of Design 
Thinking.  To support this approach our College successfully applied for Artist in 
Residence funding through Arts Queensland. The residency provided us a curriculum 
space to help students identify and respond to local issues through design thinking with 
a broad brief of designing sustainable, vibrant and creative communities. 
 
The project was intended to act as a catalyst for change with increased ownership of 
the local history, environment and future community.  To critically respond to the short- 
and long-term social and environmental implications of land development, ownership 
and urban sprawl, the students worked with artist and designer Tristian Schultz. 
The experience helped students to begin to understand the relational impacts of the 
‘world made’ by design and to become crucial ‘world makers’ through design thinking, 
capable of defining and confronting the complexities of the 21st century. 
We also formed partnerships inside and outside our school and local community to 
strengthen our capacity and capabilities in design thinking.  The Asia Pacific Design 
Library (APDL), State Library of Queensland has supported development and ideation 
of our curriculum and the delivery of our signature design programs and experiences. 
 
The Cube, Queensland University of Technology has supported the College to 
incorporate video game design and systems thinking into our teaching. Through this 
partnership, Year 9 Play-Makers are able to access QUT academics and industry 
experts in the fields of game design, robotics and mobile technology throughout the 
year and participate in specialised workshops at The Cube. 
Anecdotal feedback from the project so far suggests that students are: setting their own 
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targets via a project schedule and reviewing progress, actively exploring a wide range 
of creative forms to demonstrate learning, embedding high-level ICTs in creative 
output, considering the integration of multiple disciplines (discussing and exploring the 
scientific, environmental, design, engineering, medical, social implications and 
applications of Design Solutions), seeing clear links between business models and 
entrepreneurial activity. 
 
As we reflect on our successes and failures (fail fast to succeed sooner!) of the last two 
years, we wanted to share our latest project: Hack-schooling.  We are prototyping 
student-driven, negotiated curriculum projects where students explore their passion and 
identify how they can learn in a way that interests them. Our hope is that by building in 
time to pursue projects that the students are passionate about, they will naturally 
pursue self-directed learning, team-work and collaboration. 
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APPENDIX 6 
STEAM FROM A FACILITATOR’S PERSPECTIVE 
The following blog post was published on Cube Chat (July 26, 2016), and written by 
Leighann Ness Wilson, STEAM Education Officer, at The Cube. In this post, Ness 
Wilson reflects on her experience as a STEAM facilitator. The original post is available 
https://qutthecube.wordpress.com/2016/07/26/public-programs-the-year-that-has-been-
so-far/ 
 
2016 so far 
Training was first on the agenda for 2016 as we welcomed new and returning 
facilitators to our Public Programs Team at The Cube. Over multiple training sessions, 
our team were introduced to new technologies and toolsets and discussed how these 
might be used within the framework of STEAM education to deliver dynamic and 
interactive educational programs for our Education and Holiday workshops. 
 
A highlight has been the diversity within the Public Programs team itself. I am fortunate 
each week to work alongside fellow-students and graduates from various QUT degrees 
across Engineering, Interactive Design, Education and Creative Industries. We bring 
our unique knowledge and approach to the workshops, which benefit not only our 
students, but also each other as we develop our skills as facilitators. In addition to 
onsite staff training, our team spent time with senior software developer and creator 
of Makkit, Anna Gerber at The Edge, SLQ to learn the basics of Arduino. In April, Brian 
O’Connell, PhD Student and Research Assistant at the Center for Engineering 
Education and Outreach, Tufts University, Boston, taught our team the fundamentals of 
the Rube Goldberg challenge and introduced us to the wonderful world of capacitive 
sensors. 
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Our Education program 
A personal highlight occurs every Tuesday morning, when we welcome a new school 
group to The Cube. Once a week, during terms 2, 3 and & 4, The Cube hosts a day 
long STEAM Education workshop for students from grades 5 – 9. It’s great to see the 
students’ smiling faces as they make their way towards the Science and Engineering 
Centre to meet us. Students learn about The Cube as a digital interface, and enjoy 
hearing about the technology behind the screens, and how The Cube studio team 
research, develop, test and launch projects, whilst interacting with the projects. 
From a facilitator’s perspective, within our STEAM workshops, I have been amazed by 
the students’ ability to collaborate, learn new skills and stay focused. Throughout the 
term, we have met technically savvy students and seen some truly creative solutions 
for robotic emergency response vehicles, inspiring interactive artworks and compelling 
ideas on how to make Brisbane a more age-friendly city. 
Professional development & community outreach 
The Cube regularly hosts professional development programs utilising STEAM toolsets. 
This term, we have welcomed teachers from all over the state as part of the Education 
Queensland Makerspace Trial and recently ran an interactive design booth as part of 
the K8 Symposium in conjunction with the State Library of Queensland’s Asia Pacific 
Design Library for the Out of the Box Festival. At K8, we introduced the basics of 
circuitry to a remarkable group of 8 year olds, as they reimagined the city of Brisbane 
for the year 2036. 
 
As well as working with the students, I delivered a Professional Development session 
for primary school educators on using STEAM toolsets within the classroom. I’ve also 
had the recent opportunity of facilitating a hands-on workshop, for teachers at the 
Queensland Art Teachers Association conference, which focused on the possibilities of 
using littleBits in a visual arts classroom. 
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Reflecting on the past six months, I have realised the broader implications of my 
learning journey. While I have always been passionate about creativity and education, I 
am proud to say I have gone above and beyond my comfort zone–from creating touch 
responsive circuits using a bread board to designing and coding my own wearable 
technology Halloween costume. Learning through STEAM education has showcased 
the absolute benefits of learning from and alongside the students. 
The levels of engagement in our workshops are testament to the vision and open 
source approach of The Cube’s Public Programs team. Together we share a passion 
and belief in the value of creativity in education. We work within a broader community 
full of like-minded professionals and regularly engage with experts to enhance our 
approach to ensure we are responding to the needs of 21st Century learners…and it’s 
also lots of fun! 
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APPENDIX 7 
STEAM FROM A PRE-SERVICE TEACHER’S PERSPECTIVE 
The following blog post was published on Cube Chat (July 1, 2015), and written by Jess 
Schofield, STEAM facilitator (and pre-service teacher, at The Cube. In this post, 
Schofield reflects on her experience as a STEAM facilitator at the Creative Lab 
program. The original post is available 
https://qutthecube.wordpress.com/2015/07/01/566/ 
 
Pre-service teacher Jess Schofield shares her experience at Creative Lab, held at The 
Cube and Queensland Museum last month. 
 
Jess: The Creative Lab program at QUT The Cube was a chance for educators from 
various fields to collaborate on ways to implement STEAM (science, technology, 
engineering, art and maths) in the classroom. As a pre-service teacher in the areas of 
mathematics and English the sessions were a great way to further open my mind to 
ways technology can be utilised across all disciplines in education. 
 
I have been a facilitator of the LEGO Education programs at The Cube since their 
inception in 2013. At Creative Lab, I had the opportunity to facilitate the Design 
Engineering sessions using the LEGO Mindstorms EV3 technology. This tool allows for 
all disciplines of STEAM to come together under the banner of problem-solving and 
project based learning. 
I’ve had many discussions in recent months about what problem-solving can be 
defined as and how these skills can be acquired in a classroom situation. In maths, we 
often give students “worded questions” and label it as “problem-solving” or “real-
 	 121 
life”. But in reality, the only problem they have to solve is to interpret the words and 
uncover the routine, knowledge-based problem. 
At Creative Lab, I had conversations with teachers and curriculum writers about how 
true problem-solving should involve open-ended questions, creative responses and 
multiple answers. The Design Engineering workshop was a space to further explore 
this and the EV3 robots proved a perfect tool to guide that exploration. 
Design Engineering at Creative Lab was a space where networking took place and 
ideas were shared throughout the room. The participants had varying levels of 
experience, came from a variety of educational fields and each had their own 
expectations and outcomes from the session. Challenges were set to have robots 
maneuver objects within a Mars exploration context and using a combination of 
programming skills and physical design features. Although each of the eight groups 
was set the same challenge, eight very different solutions were presented. Participants 
went through the process of brainstorming, prototyping, testing, improving then giving 
and receiving critical feedback. There was a focus on teamwork and playing to 
strengths of individuals. 
The conversations that were had around STEAM in the classroom were beneficial to all 
participants. We had the opportunity to share our own experiences of how the LEGO 
Mindstorms EV3 robots have been used within our own schools and contexts, how they 
could be used in the future and make connections with colleagues to draw on the 
strengths and expertise of others. 
As a pre-service teacher, Creative Lab was most beneficial for the networks and 
connections made with fellow teachers and education professionals and to gather ideas 
to implement robotics in high school classrooms. I feel competent in my knowledge of 
robotics and I’ve facilitated a wide variety of workshops to many audiences in the past. 
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Moving forward, my goal is to implement long term robotics programs in high school 
settings. Creative Lab was the first step towards that goal. The program gave me the 
connections and resources to continue implementing STEAM, problem-solving and 
project-based learning in my future teaching and learning. 
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